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General Introduction 
1.1 Test-Ordering Behavior 
Requesting blood tests is an important aspect of the health care delivered by 
the general practitioner in The Netherlands. About three to four percent of the 
patients' encounters with Dutch general practitioners result in the physician 
requesting blood tests, which is lower than in many other European countries 
(1, 2). Although test ordering is limited to three to four percent of patients' 
encounters with the general practitioner, the use of diagnostic tests in general 
practice, has known an overwhelming growth in the years behind. Physicians' 
use of blood tests, however, is not always appropriate (3-8). General 
practitioners are taught test ordering when training in hospitals before settling 
down in general practice (9). Hospital morbidity, however, is different from 
morbidity patterns in general practice (10-12). Appropriate test ordering 
panels in hospital settings, therefore, are not always appropriate for primary 
care. Nevertheless, general practitioners use these test panels, once taught, 
automatically in the primary care setting (13). Uncertainty and the desire not 
to miss a diagnosis stimulate the use of blood tests (4, 5, 9, 14-16). Excessive 
and inappropriate test ordering is not only expensive but also may even add to 
the uncertainty by generating unexpected abnormal or false positive values. 
The use of blood tests may thus even increase uncertainty and stimu late 
further unnecessary diagnostic investigations (17, 18). It is important, 
therefore, that once the decision to obtain blood tests has been made, 
appropriate test ordering is adhered to. Influencing this heuristic test-ordering 
behavior has proven to be difficult. 
1.2 Continuing Medical Education (CME) in the Delft Region 
In the years 1989 through 1993 I was the editor of a local journal the 
"Huisartsenbulletin" that aimed to inform the general practitioners in the 
region of Delft about the appropriate use of the laboratory facilities of the 
Reinier de Graaf Hospital. That hospital performed amongst others, the blood 
tests requested by the general practitioners in the region. The hospital had the 
objective to optimize the use of the laboratory facilities and instigated a 
continuing medical education for the referring general practitioners to achieve 
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that objective. To facilitate education, the hospital organized round-table 
conferences: monthly meetings in which the general practitioners could 
discuss the indications for test ordering with experts in the field. The report of 
each meeting was published in the "Huisartsenbulletin" and circulated free of 
charge to all general practitioners in the region. 
1.3 Impact of CME on Test-Ordering Behavior 
To evaluate the impact of the round-table conferences and the 
"Huisartsenbulletin" on test ordering behavior of the general practitioners in 
the Delft region, the Department of General Practice of the Medical School of 
the Erasmus University was asked to perform a study. The study period was 
J anum), I" 1990 through June 31 ,I 1991. The impact on test ordering behavior 
of two of the round-table conferences (on thyroid-dysfunction testing, October 
25 th 1990, and on renal-dysfunction testing, November 22"' 1990) and the 
accompanying publications in the "Huisartsenbulletin" was studied (19). In a 
before-after study, the test-ordering behavior of two groups of general 
practitioners was studied. One group consisted of general practitioners who 
had attended one or both of the conferences and had received the 
"Huisartsenbulletin"; the other group consisted of general practitioners who 
did not attend the conferences, but did receive the "Huisartsenbulletin". 
General practitioners in the Rotterdam region, who did not attend the round-
table conferences and did not receive the "Huisartsenbulletin", served as 
control group. The unit of analysis was the total amount of tests ordered by the 
general practitioner. The effect on test-ordering behavior of the participating 
general practitioners was disappointing. The round-table conferences had a 
temporarily effect on test-ordering behavior, the effect on test-ordering 
behavior of publishing the "Huisartsenbulletin" was negligible. Having 
established the ineffectiveness of this type of continuing medical education, 
we discontinued the conferences, stopped publishing the "Huisartsenbulletin", 
and started considering other ways of changing test -ordering behavior. 
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1.4 The Role of Electronic Patient Records 
Parallel to our efforts in continuing medical education, general practitioners in 
the Delft region started using computers to maintain their patient records. In 
1991, the medical insurance company active in the Delft region (DSW) 
initiated a program to provide all general practitioners with computer-based 
patient records. In 1993, 90 percent of all general practitioners in the Delft 
region had replaced their traditional paper-based patient records with 
electronic patient records and used the computer to enter patient data during 
patient encounters. This use of electronic patient records created new 
opportunities for the implementation of decision support systems. Integration 
of decision support facilities with electronic patient records provides a natural 
way to support clinical practice. Literature documents a range of decision 
support systems that demonstrated an impact on health-care delivelY (20-26). 
We considered "on site" continuing medical education using a decision-
support system to be a possible alternative for the round-table conferences and 
the "Huisartsenbulletin". 
1.5 The Use of Guidelines in Daily Practice 
At the same time that the general practitioners in the region of Delft were 
using electronic patient records in daily practice, the Dutch College of General 
Practitioners started issuing guidelines for the general practitioner. These 
guidelines, regularly published in "Huisarts en Wetenschap", the journal of the 
Dutch College of General Practitioners, assist general practitioners in dealing 
with specific clinical conditions in a primary care setting, including 
recommendations for test ordering. Given the fact that previous studies had 
reported a lack of general practitioners' knowledge concerning indications for 
tests (6, 27), the guidelines could provide needed support. We believed that 
applying the guidelines in general practice could result in improved test 
ordering by general practitioners. 
Several studies, however, have shown that the mere existence of guidelines 
does not necessarily lead to the use of these guidelines by physicians (28-30). 
15 
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Even when authoritative guidelines are available, changing the behavior of 
physicians has proven to be difficult (28, 31). Taking the effort to study paper-
based guidelines during patient consultation does not seem to be a practical way 
of working. Evely-day time pressure is an understandable obstruction (32). Test 
ordering based on guidelines has to become patt of the normal workflow and 
should not require excessive additional time. 
A possible approach to introducing guidelines into daily practice is to develop a 
decision-suppOlt system based on the available guidelines. In this approach, the 
paper-based guidelines are replaced by electronic guidelines. Past experience, 
however, has shown that researchers developing decision support systems 
based on a guideline may encounter significant problems such as 
inconsistencies in the guideline, inaccurate or incomplete descriptions of 
terms, ambiguity, or incompleteness (33-38). This change from paper 
guidelines to a decision support system, therefore, requires an extensive 
analysis of the content of the guidelines. 
1.6 The Design of a Decision Support System for Test 
Ordering. 
Taking advantage of the use of electronic patient records by Dutch general 
practitioners, we wanted to replace the traditional test ordering paper forms by 
a decision support system. Decision support systems based on guidelines may 
focus on supporting a single guideline for a particular disease, e.g., heart 
failure, asthma, or diabetes. The objective of the system is to help the 
practitioner in the management of the patient with a particular disease using 
the corresponding guideline. Such a system typically covers several aspects of 
care; these systems provide recommendations for diagnostic investigations, 
selection of treatment, and follow-up. Unlike systems that focus on a single 
guideline, we focus on the recommendations for test ordering of all guidelines 
issued by the Dutch College of General Practitioners. Building a system to 
change test-ordering behavior, however, requires us to select a method we will 
follow when providing support. 
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In The l)fetherlands, three methods have proven to be effective in changing 
test-ordering behavior of the general practitioner. Pop and Winkens 
investigated the intluence of personal feedback on test-ordering behavior of 
Dutch general practitioners. Participating general practitioners ordered blood 
tests using a paper form on which they also recorded the indication for the 
tests. Twice a year, an internist provided each general practitioner feedback 
that compared his or her behavior with the test -ordering behavior of the other 
participating general practitioners. The internist subsequently discusses the 
indications and provides suggestions for more rational test ordering. In a three-
year period, the total amount of blood tests ordered by general practitioners 
decreased by a third. (39-43). An important disadvantage of this approach, 
however, is that it is time consuming and expensive. 
Zaat pioneered changing test-ordering behavior by reducing the number of 
tests available on the order form in The Netherlands (27). Zaat modified the 
order form by simply removing rarely indicated tests. At the bottom of the 
order form, space was available in which the general practitioner could write 
down other tests. Zaat showed in an intervention study that the average 
number of tests ordered per month decreased by 18 percent after the 
introduction of the new form (13, 14,27). A restricted order form is a simple 
and easy method for reducing the number of tests ordered by general 
practitioners. 
The third method of changing test-ordering behavior of Dutch general 
practitioners involves the introduction of indication-oriented order forms 
based on guidelines. On these forms, tests are grouped by indication. These 
forms proved effective in reducing the number of blood tests ordered by 
general practitioners (44-46). A major limitation of these studies, however, is 
that they involve only a small subset of the available practice guidelines. 
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1.7 Comparing Methods for Changing Test-Ordering 
Behavior 
Although literature shows that different methods are able to change 
physicians' test-ordering behavior, little is known about which method is most 
effective. According to Winkens, teaching general practitioners about the 
validity and diagnostic value of tests is the first step to achieve more 
appropriate test use (47). On the other hand, Zaat demonstrated that merely 
reducing the number of tests available on the order form decreases the average 
number of tests ordered per month by 18%. According to Zaat, the contribution 
of blood tests is not in assessing important somatic diseases, but in creating a 
feeling of security (14). Zaat argues that the general practitioner could reach the 
feeling of security with fewer tests than usually requested. Introducing 
indication-oriented order forms based on a small subset of guidelines also 
proved effective in changing test-ordering behavior (44). As the researchers 
relied on paper forms, the studies have been restricted to only a few 
indications; the nature of a paper form does not allow the expression of the 
detail and complexity of the currently available guidelines. 
Randomized trials comparing different methods to change test-ordering 
behavior have never been conducted. We hypothesize that an indication-
oriented order form based on guidelines, providing an optimal "restricted" list 
of tests relevant for a specific indication, will be more etl'ective in decreasing 
the number of tests ordered than a restricted order form. 
We developed two versions of the decision support system BloodLink, using 
the two different methods. The first version, BloodLink-Restricted, is based on 
the notion of a restricted order form. The second version, BloodLink-
Guideline, is based on the guidelines of the Dutch College of General 
Practitioners. Both systems were integrated with the general practitioner's 
electronic patient record. 
In the Delft region, the continuing medical education on the use of blood tests 
had been discontinued in 1993 after the disappointing impact of round-table 
conferences and "huisartsenbulletins" became evident. In 1996 we were ready 
to evaluate whether BloodLink would be successful where previous attempts 
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to change test-ordering behavior had failed. To compare the effect of the tlVO 
methods embodied in the tlVO BloodLink modules on test-ordering behavior. 
we performed a randomized clinical trial in the Delft region. 
1.8 Improving Guideline Adherence 
To deal with the rapidly expanding body of medical knowledge, guidelines are 
increasingly viewed as a mechanism for distributing knowledge to physicians. 
Guidelines, however, are explicit but crude sunnnaries of both "state of the 
art" evidence-based medicine and implicit skills; they should be used not to 
dictate practice but to inform clinical judgment. Moreover, patients have 
multiple problems and often present with nonspecific complaints. Protocol 
adherence, therefore, must be interpreted carefully. When viewing protocol 
adherence as a goal in itself, explaining the deviations from protocols may 
take the form of a debate on the barriers that prevent the protocol from being 
used. We believe that guideline implementation occurs in the context of 
contlicting pressures for clinical autonomy and professional standardization 
and quality improvement. (48-50). 
One of the objectives of BloodLink-Guideline is to improve adherence to the 
guidelines of the Dutch College of General Practitioners by implementing a 
test-ordering module that provides the general practltlOner with 
recommendations for test ordering based on these guidelines. Implementing 
guidelines in daily practice may lead to more appropriate test ordering by 
general practitioners and thus reduce the number of tests ordered. An observed 
reduction of the number of tests requested by the physician, however, does not 
necessarily mean that the physicians adhere to the protocols. Protocol 
compliance, therefore, has to be measured by comparing the BloodLink-
Guideline test recommendations with the actually ordered tests per indication. 
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1.9 Outline of this Thesis 
Test -ordering behavior of physicians lacks efficiency, resulting in excessive 
laboratory utilization. Literature documents many attempts to change the test-
ordering behavior of physicians. Continuing medical education provided by 
round-table conferences and the publication of paper reports did not prove to 
be effective in the Delft region. Guidelines are increasingly viewed as a 
mechanism for distributing knowledge to physicians. The existence of 
guidelines, issued by the Dutch College of General Practitioners does not 
necessarily lead to the use of these guidelines by physicians. Decision support 
systems have shown to have impact on health-care delivery. Although, in The 
Netherlands, three methods have proven to be effective in changing test-
ordering behavior of the general practitioner, little is known about which 
method is most effective. 
In this study we address the following questions. 
Do the practice guidelines of the Dutch College of General Practitioners allow 
the identification of clear and unambiguous recommendations for blood test 
ordering in primary care? 
This question is discussed in chapter 2 where we determine the consistency 
among the practice guidelines of the Dutch College of General Practitioners 
with respect to the use of blood tests. In this chapter we evaluate whether these 
guidelines provide a consistent base for the development of a decision support 
system for ordering. 
What are the requirements for providing support when designing a decision 
support system for test ordering? 
This question is dealt with in chapter 3. We describe the choices and decisions 
we had to make, building the two versions of BloodLink, a decision support 
system to change test ordering in general practice. 
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Will a fUither reduction to an indication-oriented test panel be more effective 
in changing test-ordering behavior than the merely reduction of the number of 
tests listed on an order form? 
This question is answered in chapter 4. We describe a randomized trial that 
assesses which method is most effective in changing test-ordering behavior of 
general practitioners: the restricted order form or the indication-oriented order 
form. 
To what extent adhere the Dutch general practitioners to the recommendations 
for test ordering as defined in the guidelines of the Dutch College of General 
Practitioners? 
This question is discussed in chapter 5 where we assess protocol adherence by 
comparing the recommendations for test ordering with the actually ordered 
test(s) per indication. 
The main conclusions of this thesis are discussed in chapter 6 in which we 
make suggestions for future research as well. The thesis ends with a sunnnary 
in both English and Dutch. 
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2.1 Abstract 
Objective: To determine the consistency among the practice guidelines of the 
Dutch College of General Practitioners with respect to the use of blood tests. 
Methods: We evaluated 64 practice guidelines of the Dutch College of 
General Practitioners. For each of the guidelines, we analyzed each sentence 
that contained a reference to a blood test to determine the clinical situation in 
which the test should be performed (the indication), and to determine the tests 
that should be performed in that situation (the recolllmended test). An 
incolllplete recollllllendation refers to a guideline that mentioned a blood test, 
but did not identify the indication for that test. An inconsistency refers to the 
situation in which one guideline recommended a certain test for a given 
indication whereas another guideline mentioned the same indication but did 
not reconnnend the same test. 
ReslIlts: Twenty-seven practice guidelines mentioned blood tests. Of these, 
three explicitly reconmlended not to request blood tests. Five guidelines 
contained incomplete reconllnendations. We encountered two inconsistencies 
among the guidelines. Twenty-three guidelines mentioned blood tests and 
allowed us to identify indications and recommended tests. 
Conclllsion: The identification of indications and recommended tests allows 
evaluation of consistency among practice guidelines. Although some 
incomplete recommendations and inconsistencies were discovered, the 
majority of the guidelines provide clear and unambiguous recommendations 
for blood test ordering in primary care. 
Keywords: Family Practice, Practice Guidelines (standards), Diagnostic Tests, 
Laboratories. 
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2.2 Introduction 
To deal with the rapidly expanding amount of medical knowledge, guidelines 
increasingly are viewed as a mechanism for distributing knowledge to 
practitioners (I, 2). Governmental agencies and professional organizations are 
developing clinical practice guidelines. In The Netherlands, the Dutch College 
of General Practitioners issues guidelines for the general practitioner. These 
guidelines are published regularly in "Huisarts en Wetenschap", the journal of 
the Dutch College of General Practitioners. These guidelines assist general 
practitioners in dealing with specific clinical conditions in a primary care 
setting. 
A number of studies have shown that the existence of guidelines does not 
necessarily lead to the use of these guidelines by physicians. Even when 
authoritative guidelines are available, changing the behavior of physicians has 
proven to be difficult (3, 4). Investigators acknowledge that the 
implementation of guidelines constitutes an important research area that has to 
be addressed (5). 
One mechanism for implementing guidelines is using information technology 
to develop decision support systems based on guidelines. Decision support 
systems based on guidelines may focus on supporting a single guideline for a 
particular disease, e.g., heart failure, asthma, or diabetes. The objective of the 
system is to help the practitioner in the management of the patient with a 
particular disease using the corresponding guideline. Such a system typically 
covers several aspects of care; these systems provide recommendations for 
diagnostic investigations, selection of treatment, and follow-up. In this 
approach, the paper-based guidelines are replaced by electronic guidelines. 
Past experience, however, has shown that researchers developing decision 
support systems based on a guideline may encounter significant problems such 
as inconsistencies in the guideline, inaccurate or incomplete descriptions of 
terms, ambiguity, or incompleteness (6-11). This change from paper 
guidelines to a decision support system, therefore, requires an extensive 
analysis of the content of the guidelines. 
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Unlike systems that focus on a single guideline, we focus on the collection of 
guidelines issued by the Dutch College of General Practitioners. Discrepancies 
and inconsistencies among di fferent guidelines that are dealing with similar 
issues may further aggravate the problems encountered by developers of 
systems based on individual guidelines. Several guidelines, for example, may 
refer to the same diagnostic investigation, disease, or treatment. The 
guidelines, however, not necessarily agree on the recommended course of 
action. Given the procedures, by which these guidelines are developed, such 
inconsistencies are possible; the development of a guideline is not just a 
scientific endeavor, but the human factor plays an important role (12). 
The procedure of creating a guideline consists of four stages (12). The first 
stage involves the selection of appropriate topics for new guidelines by an 
independent advisory board. The guidelines are intended for use by general 
practitioners; the topics selected and the levels of detail thus reflect practice in 
primary care. Although criteria for selecting topics are articulated, the process 
of selecting topics is partly subjective. In the second stage, a small taskforce 
consisting of four to eight general practitioners with special interest in and 
expertise on the topic of that guideline prepare a draft. This draft is based on a 
review of the available literature and current medical practice. As a result, the 
draft reflects not only scientific evidence, but also the consensus in the 
taskforce with respect to appropriate medical practice in primary care. In the 
third stage, this draft is peer reviewed by a random sample of 50 Dutch 
general practitioners and a number of specialists. The fourth and final stage 
involves the authorization of the guideline by a board consisting of leading 
general practitioners including the chairs of the university departments of 
General Practice. After authorization, the guideline is published in the journal 
of the Dutch general practitioners. This publication consists of three parts: a 
brief, algorithmic sunmlal"y of the guideline that focuses on the decisions the 
general practitioner has to make; a more detailed description of the guideline 
itself; and a scientific justification of the guideline. The brief, algorithmic 
summary of the guideline is also distributed as separate card that can be used 
during consultations. In addition, teaching material is prepared that can be 
used for continuing medical education. 
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Although the available scientific evidence plays an important role, the Dutch 
College of General Practitioners acknowledges that the guidelines are, to a 
varying degree, dependent on SUbjective opinions of individuals involved in 
the creation of that guideline (12). Each guideline is based on arguments of the 
individual members of the taskforce and subsequent reviewers. For each 
guideline, however, different general practitioners participate in the taskforce. 
The process of developing guidelines, therefore, does not guarantee 
consistency. In order to develop a decision support system that provides the 
general practitioner with recommendations based on all the available 
guidelines, these guidelines need to be analyzed and evaluated for 
inconsistencies within an individual guideline and for inconsistencies among 
guidelines. In order to focus the analysis, we restrict ourselves to the 
recommendations for blood tests. The choice for recommendations for blood 
tests is based on previous Dutch research. 
Requesting blood tests is an important aspect of the health care delivered by 
the general practitioner in The Netherlands. Although lower than in many 
other European countries (13), about four percent of the patients' encounters 
with Dutch general practitioners result in the physician requesting blood tests 
(14), physicians' use of blood tests, however, is not always appropriate (1, 15-
19). Dutch investigators report a lack of general practitioners' knowledge 
concerning the indications for blood tests leading to inappropriate and 
inadequate use of diagnostic tests (20). The need to improve the use of blood 
tests, however, is not limited to The Netherlands. Other investigators argue 
that improving the quality of blood test ordering deserves attention (21-23). 
The objective of this study is to evaluate the guidelines of the Dutch College 
of General Practitioners with respect to the ordering of blood tests. We want to 
determine whether these guidelines provide a consistent base for the 
development of a decision support system for blood test ordering. 
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2.3 Methods 
Until January I" 1998, the Dutch College of General Practitioners had 
published in total 64 guidelines. The College regularly updates the guidelines. 
We analyzed the most recent version of each guideline that was available on 
January I" 1998. Changes in the guidelines after this date are not included in 
this study. 
For each of the guidelines, we analyzed each sentence to determine whether 
that sentence contained a reference to a blood test. If the sentence contained a 
reference to blood tests, we determined the clinical situation in which the test 
should be performed (the indication), and determined the tests that should be 
performed in that situation (the recommended test). An incomplete 
recommendation refers to a guideline that mentioned a blood test, but did not 
identify in the guideline the indication for that test, or a guideline that 
mentioned an indication for blood tests but did not provide a further 
specification of the recommended blood tests. The notion of an incomplete 
recommendation is restricted to particular recommendations; we do not 
determine whether the total set of recommendations is "complete" in the sense 
that the set covers all indications in primary care. 
After we identified the indications and reconullended tests in all guidelines, 
we checked - for each indication in each guideline - whether another 
guideline recommended another test for the same indication. An inconsistency 
refers to the situation in which one guideline recommended a certain test for a 
gi ven indication whereas another guideline mentioned the same indication but 
did not recommend the same test. 
2.4 Results 
Of the sixty-four guidelines, twenty-seven guidelines contained at least one 
sentence that included a reference to blood tests. Of the twenty-seven 
guidelines that mentioned blood tests, three explicitly recommended not to 
request blood tests. The guideline "Sinusitis" states that sinusitis itself is not 
an indication for an ESR (24), the guideline "Depression" states that 
depression itself is not an indication for TSH or T4 (25), and the guideline 
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"Blood tests and liver disease" states that infectious mononucleosis itself is 
not an indication for liver function tests (26). 
2.4.1Incol/lplete RecoI/IlI/endations 
Of the twenty-seven guidelines containing at least one sentence that included a 
reference to blood tests, five guidelines contained incomplete 
recommendations; that is, the guideline mentions a blood test, but does not 
describe the indication. The guideline "Imminent miscarriage" mentions a 
possible Hb but does not specify which patients are eligible (27). The 
guideline "Children with fever" states that blood tests are seldom indicated; 
when blood test are indicated, and which tests should be requested, however, 
is not specified (28). The guideline "Problematic alcohol consumption" 
identifies abnormal values of gamma-GT, ASAT and ALAT as possible 
indicators of excessive alcohol abuse, but does not describe if ancl when these 
tests should be performed (29). The guideline "Intrauterine device" mentions 
the possibility of elevated ESR and leukocytosis, but does not specify if and 
when these tests should be performed (30). The guideline "Acne vulgaris" 
states that, prior to treatment with isotretinoin, liver and kidney functions 
should be evaluated; the guideline, however, provides no further specification 
of which tests should be done (31). 
2.4.2 Indications and Recommended Tests 
Of the 64 guidelines, 23 guidelines mentioned blood tests and allowed us to 
identify the indication for those tests (26, 31-52). We distinguish five different 
categories of indications. The first category of indications describes clinical 
situations in which the general practitioner considers a diagnosis, the working 
diagnosis. This working diagnosis is the most probable diagnosis based on the 
patient's medical history andlor physical examination. 
The physician subsequently uses the laboratory tests to support or refute that 
diagnosis. In total, the guidelines mention 18 working diagnoses. Table 1 
shows the working diagnosis, the recommended tests, and the guideline that 
makes the recommendation. In some cases, abnormal results of initial tests 
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should be followed by additional investigations; for example, an abnormal 
value for TSH should be followed by a test for free T4. 
Table 1: Recollrrrended te,<;t(s) per \\orking diagnosis. 
Working diagnosis Recomm>nded testes) Guideline 
Alcohol-induced hepatitis AlAT, Gamma-GT Zant et ai, 1992 (26) 
Allergic A,thml (Adutts) PJmciiatop', RAST 2 (kijeret at. t997 (40) 
Allergic Asthma. (Oilldren) Phadialop~ RASr Dirkscn et ai, 1998 (39) 
Allergic rllinltis Phadiatop I Oubach et ai, 1995 (34) 
Diabetes nrlliUl<; Glucose Cmmrre et aI. 1989 (35) 
Drug-induced liyerdamage AlAT, Gan1Jl1a-Gf Z,at et ai, 1992 (26) 
Hepatitis A Anti-HAV-Ig.\1, Anti-HAV-IgO amt et aI, 1992 (26) 
Hepatitis B Hb,AG, AlAT, HEe-AS Z,at et ai, 1992 (26) 
Hepatitis C RCV Z'h1t et ai, 1992 (26) 
Hypercholesterolemia Ololesterol Van Binsbcrgenet nl, 1991 (49) 
Hyperthyroidism TSH' Pop et aI, 1993 (45) 
Hypothymidism TSH' Popet ai, 1993 (45) 
Infectious nxmollucleosis WBC count, \VBe differentiation6 Balder et ai, 1990 (33) 
Cirrhosis of the liver Albumin Zaat et ai, 1992 (26) 
Pelvic intlanul1:1Ior), disease E'>R lXkkeret ai, 1995 (37) 
Prostate c<ulCer PSA Kiompetal,I994(41) 
Rheumatoid ruthritis Rheullmtoid factors Schmumm et al, 1994 (47) 
SePtic ruthritis ESR Bakker et aI, 1990 (32) 
Note~ MAT indimtes almunew11inotnmsfer<lsc; Ganum-GT, grul1llla~g!utamyltf{Ul~ferase; Phadiatop is a bltxxl tcst for 
screening the most COlllImn inhalation allergens; RAST, mdioaller~,'osor\x>ntlesl; anti-HAV-I~\-VIgG, antibody to hepatitis A 
virus inm1lmoglobulin G; HlliAg, hepatitis B surface antigen; HBcAg, hepatitis core antigen; Hev, hepatitis C virus; TSH, 
thyroid-stinrulating honmne; WBC, \\hite bkxxl cell (leukoc)te) count, ESR, c£)1roc)le sedinl'lltation rote; PSA. pm;tatc 
~pedfic antib't'n. 
1 IfPhadiatop re.--u1ts are p:lSitive, RAST -dust mite and, ifea! cHlog is present a~ doncstic aninnis, RA'IT -cat or RAST -{log. 
2 lfro_ucal history indic.ntes, RAST-horscorcRASI'- ro:lent<;. 
3 If Thadialop re,-ults are rositi\1\ RAST ;lust nlite UJ1(~ if cat, dog IX horse is presellt a~ a don~tic aninms, RAST-cat, RASf-
dog, or RM,l'-hme. 
oj If m ... ucal history indicates, RAST-nxicnts. 
5IfTSH result<; are [Xl'itive, ftee tll)1Dxine Cf4) 11E'<L'Iurem:n1. 
6lf WEe findings Imd dillercntintion arc JX"Sith"e, Paul BUIll"IeIl (a telt to detennine the pre,-;ence ofilllL'Ctiol1S IlDllonucleosis). 
The second category of indications describes clinical situations in which the 
general practitioner has established a diagnosis, and uses the laboratory to 
investigate ul/derlyil/g pathology that could cause the disease. The crucial 
difference with the category working diagnosis is that in case of underlying 
pathology the guideline requires that the physicians has already established the 
presence of a specific diagnosis. Given the presence of this specific diagnosis, 
the guideline specifies the evaluation of possible causes of that diagnosis. In 
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total, the guidelines mention 10 diagnoses in which underlying pathology 
needs to be explored. Table 2 shows the diagnoses, the suspected underlying 
pathology, the recommended tests, and the guideline that makes that 
recommendation. For example, when the diagnosis transient ischaemic attack 
(TIA) has been established, the guideline TIA reconIDlends that an ESR and 
glucose be requested to explore arteritis temporalis and diabetes mellitus as 
underlying causes of the TIA. 
Table 2: Per diagnosis, advised testes) for underlying pathology. 
Di<lgnosis Underlying disease Advised testes) Guideline 
Angina pxtoris Anemia Hb Rutten et al, 199.\ (46) 
Angina pectoris Hypecth)Toidism TSII Rutten et aI, 1994 (46) 
Angina pectoris Diabetes mellitus Glucose Rullen ct nl, 1994 (46) 
Angina pectoris Hypercholesterolemia Cholesterol Rutten et aI, 1994 (46) 
Dementia Infectious diseases ESR De Bru)neet aI, 1991 (36) 
Dementia Anemia Hb,MCY, HI De Bru)lIcc\ aI, 1991 (36) 
Dementia Kidney dysfunction Creatinine De Bruyne et ai, 1991 (36) 
Dementia Th)Toid disorder TSH De 8ru)uc et ai, 1991 (36) 
Heart failure Anemia lib Walma ct aI, 1995 (.'il) 
Heart failure Hyperthyroidism TSII Walmaetal, 1995 (51) 
H yperchoJesterolcmi a Hypoth)Toidism TSII Van Binsbergen et ai, 1991 (49) 
Hypercholesterolemia Diabetes mellitus Glucose Van Binsbergen e\ ai, 1991 (49) 
Hypercho!csterolemi a Alcohol abuse ALAT, galllllla~GT Van Binsbergen et ai, 1991 (49) 
Hypercholesterolemia Liver disease ALAT, ganuna.GT Van Binsbergenet ai, 1991 (49) 
Hypertension Primary hyperaldosteronism K Van BinsbergenetaJ, 1991 (49) 
Icterus Prchepaticlposthc-patic icterus ALAT, Total Bilirubine, Zaat et aI, 1992 (26) 
Ganmla-GT 
Icterus Hemoi)1ic anemia ALAT, Total Bilirubine, Zaat et ai, 1992 (26) 
ganlllla·GT, Hb 
Icterus gravis neonatorum Pathologic neonatBI icterus Total Bilirubine Z'l.ut et al, 1992 (26) 
Iron therapy-resistant Hemoglobinopathia in Negroid, Hb, MCV, Serum-ferritin Oldenziel et ai, 1993 (44) 
anemia Mediterranean and Southeast 
Asian woman 
TlA Arteritis temporalis ESR Van Binsbergen et ai, 1995 (50) 
TIA Hypercholesterolemia Cholesterol Van Binsbergen et ai, 1995 (50) 
TIA Diabetes mellitus Glucose Van Binsbergen et ai, 1995 (50) 
Ulcus cruris Diabetes mellitus Glucose Schweitzer et ai, 1991 (48) 
Vague complaints Infectious diseases ESR Dinant et aI, 199-1 (38) 
Vague complaints Anemia lib Dinant et ai, 199-1 (38) 
Vague complaint~ Diabetes mellitus Glucose Dinant et ai, 1994 (38) 
Va~uecomplaints Hmeriliyroidi,m TSII Dinan! et ai, 1994 (38) 
Note: Hb indicates hemoglobin; TSH, th)Toid-stimulating homlOne; ESR, ef)throc)te sedimentation rate; MeV, mean cd! volume; Ht, 
hematocrit; ALAT, alanine aminotranfcrasc; gamma·GT, gamma-gJutamyltranferase: K, potassium 
The third category of indications involves mOllitorillg the cOllrse of a disease. 
The physician has established the diagnosis, and is monitoring the progression 
of the disease. In total, six guidelines mention diagnoses that can be 
monitored. Table 3 shows the established diagnosis, the tests recommended to 
monitor that condition, and the guideline that makes that recollnnendation. For 
example, to monitor diabetes mellitlls, the guideline diabetes mellitlls 
recommends that the physician obtains a glucose measurement every three 
months, and cholesterol and creatinine annually. 
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Table 3: Per diagnosis, recommended testes) for monitoring course of disease. 
Diu nosis Recommended testes) Guideline 
Diabetes mellitus Glucose, Cholesterol, Creatinine Cromme et aI, 1989 (35) 
Hepatitis A ALAT' Zanl et aI, 1992 (26) 
Hepatitis B ALAT, HBsAg, HBeAg~ ZunI et ai, 1992 (26) 
Hypercholesterolemia Cho!esterol4 Van Binsbergen et ai, 1991 (49) 
Hyperthyroidism F~T4s Pop ct al, 1993 (45) 
Hypoth)Toidism TSH, Free T46 Pop et al, 1993 (45) 
Pregnancy Hb, Blood type, TPHA, HBsAg, IgG antirubclla7 Oldenziel et a1, 1993 (44) 
Rheumatoid arthritis Hb,MCy3 Schuurman et ai, 1994 (47) 
Note: ALAr indicates alanine amillo!ransfcr~e; HBsAg, hepatitis B surface antigen; HBeAg, hepatitis B early antigen; T4, thyroxine; 
TSH, th)Toid-stimulating honnone; Rh, hemoglobin; TPHA, Treponemapallidum hemagglutination; 19G, immunoglobulin G; MCV, 
mean cell volume. 
I Fasting glucose every three montl15; cholesterol and creatinine once a year. 
1 ALAT every three w~ks. 
J HBsAg and HbeAg after four and eight weeks; ALA T ev<"ry three w~ks 
~ Cholesterol Illeasurement sL>.: montl15 after the start of th<"rapy, followed by yeMly evaluation. 
s Free T4 measurement every six wcek~ until euth)ruidism is achieved; subsequently ,ewry three months. 
6 Free T4 mea,Urerncnt sj" w~k.s after el'elY change of medication. If euth)roidism is achieved eycT)' three months during the first year; 
subsequently, once a year. 
1 IgO antirubella me.asurement at the first pregnancy, Hb, HbsAg and TPHA eveT)' pregnancy. 
8 Hb me.1surement twice a yell!; ~[CV mea<;urernent only in case of positive Hb re,;ults. 
The fourth category of indications describes situations in which blood tests are 
used to select appropriate treatment. In these situations, the physician has 
established the diagnosis, and the blood tests are used to identify factors that 
have a direct bearing on the choice of subsequent treatment. Based on the 
results of these blood tests, the guideline specifies the treatment of choice. In 
total, seven guidelines identify blood tests that are used to select treatment. 
Table 4 shows the established diagnosis, the factor that is identified, the 
recommended tests, and the guideline that makes the recommendation. For 
example, the guideline "Cholesterol" recommends in case of 
hypercholesterolemia the measurement of high-density lipoprotein cholesterol 
and triglycerides to identify lipid metabolism disorder, in order to select the 
light therapy. 
Table 4: Per diagnosis, recommended test(s) for selecting appropriate treatment. 
Diagnosis Factor Recommended test(s) Guideline 
Cunstitution(ll eczema Food (ll1ergy RAST-food mix Lucassen et (11,1995 (42) 
Food hypersensitivity in Serious reaction at food RAST5 Lucassen et ai, 1995 (42) 
infants pwvoc(ltion 
Hypercholesterolemia Elevated triglyceride.s Triglycerides Van Binsbergen et .11,1991 (49) 
Hypercholesterolemia Elevated HDL HDL-cholesterol Van Binsbergen ct ai, 1991 (49) 
Hypertension With risk factors Glucose, Cholesterol, Van Binsbergen et ai, 1991 (49) 
Creutinine 
Impeded urination in Kidney dysfunction Creatinine Klomp et .11,1994 (41) 
elderly Ill(lles 
Vaginal bleeding Anemia Hb Meijer ct ai, 1992 (43) 
Note: RAST indicates radioallergosorbent test; HDI.., high·densit)' lipoprotein; Hb, hemoglobin 
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The fifth category of indications describes situations in which blood tests are 
used to 1II0l/itor the side effects of drugs. The guidelines state that for certain 
drugs, the physician should monitor the patient for potential side effects of the 
drugs. In some instances, this requires periodic blood tests. The results of the 
blood tests might lead to modification of prescribe dosages or termination of 
the treatment with that drug. Tn total, four guidelines identify blood tests that 
need to be performed to monitor side effects of drugs. Table 5 shows the drugs 
involved, the side effects to be monitored, the reconnnended tests, the 
frequency of performing these tests, and the guideline that makes the 
recommendation. For example, the guideline "Acne vulgaris" states that one 
month after starting treatment with isotretinoin, cholesterol and triglycerides 
need to be measured and subsequently every 3 month. 
T\lble 5: Recommended te~!(s) in monitoring side effe;;{s of thempy. 
Themp}, Side-efred Recommended testes) Guideline 
Roaccutaan Hyperlipidemia Cholesterol, Triglycerides Blometal, 1991 (31) 
HMO -coenzyme inhibitors LivCf dysfunction ALATl Van Binsbergen c\ ai, 19911 (49) 
HMO -coenzyme inhibitors MU'icuJar pain CK' Van Binsbergen et ai, 19911 (49) 
Ace-inhibitors, digo.\ine, Not specified K, Creatinine, Na4 Walmact aI, 1995 (5\) 
diuretics 
Sulfasa!;uine Anemia Hb' Schuumlan et aI, 1994 (47) 
Sulfa,alazine Liverdysfunction ALAT, Gamma-Or' Scbuunnan et ai, 1994 (47) 
Sulfasalazinc Agranulocytosis Thromhocytes, WBC, 
WBC--differentation~ 
Schuurmall et at, 1994 (47) 
Sulfasalazine Not ~Dccified CreatinineS Sehuunnan et aI, 1994 (47) 
Notc: HMG-co<'lllyme inhibi(or~ indicil!C' h)'droxymethyJgJulilfyJ.CoA rcductalc inhibitors; ALAT, ilbnine aminotr;mlfcra'ic; CK, 
creatinine kinase; K, potCl.I"ium; NA, sodium; Hb, hemog!ohin; gamma-GT, galIlilla.glulamy!transfer,l-IC; WBC, whH~ blood cdl (1euh'qte) 
count. 
I BlL"cline measurement uftriglyteridcs at thc ~art of treatment; ~ubscqu('ntly, after four weeks, followed by evwlIution c,'cry three month~, 
l Bus<,line me~urement of {\LAT at the start of treatment; ~llb"equcntty, after four we<'ks . 
. l Creatine kinlL'iC after four we<'ks of therapy (only "hcn the p:J.ticnt complaints uf mus(ular pain), 
4 S{xiium mC;J.'iurcmentl'nce e\'el)' ~ix month;;, 
~ Hemoglobin mc..:t>uremenl ('\'Cry two weeks during the fint thn.'~ month (lfthcrop),; subsequently, evel)' month. 
2.4.3IlIcollsistel/cies 
We encountered two inconsistencies among the guidelines. The guideline "Angina 
pectoris" (46) showed an inconsistency with the guideline "Disorder of the thyroid 
gland" (45). The guideline "Shoulder complaints" (32) showed an inconsistency 
with the guideline "Rheumatoid arthritis" (47). 
According to the guideline "Angina pectoris", the general practitioner should in 
case of angina pectoris in combination with tachycardia request TSH to evaluate 
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hypelthyroidism. The guideline "Disorder of the thyroid gland" describes when a 
TSH should be obtained; patients with angina pectoris and tachycardia, however, 
are not mentioned. 
The guideline "Shoulder complaints" states that insufficient effect of initial 
treatment is a reason for blood tests; an elevated ESR is an indicator for 
rheumatoid or septic artln·itis. In the guideline "Rheumatoid arthritis", 
however, the list of reconunended tests for excluding or confirming 
rheumatoid arthritis does not include ESR. 
2.5 Discussion 
The objective of this study was to identify in all guidelines issued by Dutch 
College of General Practitioners the specific recommendations for using the 
laboratory and to analyze these recommendations for inconsistencies. The 
underlying reason for such an analysis was the desire to build a decision 
support system that would help general practitioners in using these guidelines. 
2.5.1 Guidelines 
Our study shows that the guidelines contain specific and detailed 
reconunendations for ordering blood tests. Given the fact that previous studies 
have reported a lack of general practitioners' knowledge concerning 
indications for tests (18, 20), the guidelines could provide needed support. 
These recommendations, however, are scattered throughout many different 
guidelines (a total of 27 out of the 64 practice guidelines). In addition, the 
guidelines may overlap. For example, the guideline "Problematic alcohol 
consumption" states that increased levels of ganuna-GT, ASAT and ALAT are 
possible indicators of excessive alcohol abuse; the guideline does not describe 
if or when these tests should be performed. The guideline "Blood tests and 
liver disease" specifies that if the practitioner suspects alcohol-induced 
hepatitis, an ALAT and Gamma-GT should be performed; the ASAT is in this 
guideline considered redundant. We conclude that the currently available 
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paper-based guidelines require the general practitioner to spend time and effort 
to locate and interpret the reconmlendations for blood tests. 
A total of two inconsistencies were found among the guidelines with respect to 
the use of the laboratory. A possible explanation for these inconsistencies 
could be the fact that, although the guidelines are revised regularly, not all 
guidelines are revised at the same time. As a result, one guideline may already 
reflect changed medical understanding, whereas another, possibly due for 
revision in the neal' future, does not yet reflect this change. Given that 
inconsistencies were found, we recommend that organizations that maintain a 
set of guidelines should make available to physicians a list of known 
inconsistencies among those guidelines. 
Our analysis shows that, with respect to the use of the laboratory tests, five 
guidelines contained incomplete recommendations. Ambiguity or lack of 
clarity in guidelines could create uncertainty on the part of the general 
practitioner that in turn could stimulate the ordering of unnecessary blood 
tests. Guideline developers should therefore, avoid incomplete 
recommendations in guidelines. Twenty-three guidelines, however, did 
contain well-defined and specific recollnnendations for the use of the 
laboratory. Given that other investigators have reported a lack of knowledge 
about test ordering, we believe that applying the guidelines in general practice 
would result in improved test ordering by general practitioners. 
2.5.2 Decision Support System 
From the perspective of Medical Informatics, the objective of our study was to 
identify the specific recommendations for using the laboratory, and analyze 
them for inconsistencies. From this perspective we conclude that the 
guidelines contain concrete and specific recommendations, and that only few 
inconsistencies were found. Moreover, the study shows that identifying the 
indication for requesting blood test is one possible method for analyzing the 
guidelines. The indication for blood tests is the specific question of the 
physician to which obtaining the test will provide an (partial) answer. We 
conclude that the recommendations for blood tests in the guidelines of the 
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Dutch College of General Practitioners are focused on describing what tests 
are necessary in the context of a given indication. 
For researchers in Medical Informatics, this notion of the indication as the 
physician's question has significant consequences for designing a decision 
support system. Given the concept of the indication, the designer faces a 
choice. The first alternative is, given the patient's symptoms, that the system 
identifies the indication for blood tests. The second alternative is, given the 
indication, that the systems selects the appropriate tests. For the general 
practitioner, these two approaches will result in two very different systems. If 
the objective is to support the identification of the indication, the decision 
support system will request detailed information about the patient's condition. 
Based on these findings, the system will generate possible indications, select 
among these, and prepare a recommendation. If the objective of the system is 
to select the appropriate test given the indication, the decision support system 
will start asking the physician questions about his or her indication; the 
translation of the patient's condition to a specific indication is left to the 
general practitioner. The system builder thus has to determine whether the 
decision support is based on the patient's symptoms or on the physician's 
indications. 
We have decided to build a system that requests from the physician the 
indication. As a result, the system is driven by questions related to the 
objectives of the physician. The system does not ask detailed questions about 
the symptoms or complaints of the patient. The downside of this approach is 
that the system does not support the physician in establishing the appropriate 
indication based on the complaints of the patient. This decision to leave the 
identification of the initial working diagnosis to the general practitioner is not 
only based on the fact that the guidelines provide reconnnendations on the 
level of indication. We also believe that especially physicians are able to 
translate the often-complex presentation of patients' complaints to well-
defined indications. In addition, a general practitioner in The Netherlands sees 
a very different patient population when compared to a specialist working in a 
hospital since the prevalence of diseases is different. The patient's complaints 
presented in general practice might well result in selecting a different working 
diagnosis when compared to a hospital setting. Computers are only able to 
deal with those parIs of the patient-physician encounter that can be translated 
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to objective facts and numbers; as a result, decision support systems can only 
deal with a very limited segment of reality. Other investigators have lamented 
the fact that decision support systems tend to ignore the intellect of physicians 
(53), and leave the practitioner with a sense of losing control (54). We believe 
that in the area of the initial interpretation of the symptoms of the patient the 
role of a decision support system should be very limited. 
Further research will have to show whether decision support based on the 
guidelines is acceptable and effective. 
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3.1 Abstract 
The increased availability of tests in the past years has been accompanied by 
an increased number of blood tests ordered by general practitioners. Dutch 
investigators report a lack of general practitioners' knowledge concerning the 
indications for blood tests leading to inappropriate and inadequate use of 
diagnostic tests. Taking advantage of the use of electronic patient records by 
Dutch general practitioners, the authors replaced the traditional paper forms 
for test ordering by a decision support system. The objective of the decision 
support system is to change test-ordering behavior. 
Designing a system to change test-ordering behavior, however, required the 
selection of a method to provide support. To study different methods for 
changing test-ordering behavior, the authors developed two versions of the 
decision support system BloociLink. The first version, BlaadLink-Restricted, is 
based on the notion of restricting the number of choices presented to the 
general practitioners. The second version, BlaadLink-Guideline, is based on 
the guidelines provided by the Dutch College of General Practitioners. 
3.2 Intl'Oduction 
The increased availability of tests in the past years has been accompanied by 
an increased number of blood tests ordered by general practitioners. In The 
Netherlands, three to four percent of patients' encounters with the general 
practitioner result in ordering blood tests by the general practitioner (1). 
Reasons why general practitioners order blood tests include confirming or 
excluding a diagnosis, monitoring the progress of a disease, determining the 
effectiveness of a treatment responding to a specific request of the patient, 
gaining time to allow nature to cure the disease, or test ordering to reassure the 
patient (2-8). In the Netherlands, for example, reassuring the patient has been 
reported as the reason for test ordering in more than 25% of the cases. 
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General practitioners are taught test ordering when training in hospitals before 
settling down in general practice (9). Hospital morbidity. however, is different 
from morbidity patterns in general practice (10-12). Appropriate test ordering 
panels in hospital setting, therefore, are not always appropriate for primary 
care. Nevertheless, general practitioners in primary care setting automatically 
use these test panels, once taught. (13). Uncertainty and the desire not to miss 
a diagnosis stimulate the use of blood tests (9, 14-lS). 
Blood tests, as a cure for uncertainty is not only expensive but also may even 
add to the uncertainty by generating unexpected abnormal or false positive 
values. The uses of blood tests may thus even increase uncertainty and 
stimulate further unnecessary diagnostic investigations (19, 20). It is 
important, therefore, that once the decision to obtain blood tests has been 
made, appropriate test ordering is adhered to. Physicians' use of blood tests, 
however, is not always appropriate (17, 18,21-24). Dutch investigators report 
a lack of general practitioncrs' knowledge concerning the indications for blood 
tests leading to inappropriate and inadequate use of diagnostic tests (25). The 
need to improve the ordering of blood tests, however, is not limited to The 
Netherlands; investigators in other countries also argue that improving the 
quality of blood test ordering deserves attention.(26-2S) 
In The Netherlands, three methods have proven to be effective in changing 
test-ordering behavior of the general practitioner: (a) providing personal 
feedback, (b) reducing the number of options available on the order form, and 
(c) introducing indication-oriented order forms based on guidelines. 
Pop and Winkens investigated the influence of personal feedback on test 
ordering behavior of Dutch general practitioners. Participating general 
practitioners ordered blood tests using a paper form on which they also 
recorded the indication for the tests. Twice a year, an internist provided each 
general practitioner feedback that compared his or her behavior with the test-
ordering behavior of the other participating general practitioners. The internist 
would subsequently discus the indications, and provide suggestions for more 
rational test ordering. In a three-year period, the total amount of blood tests 
ordered by general practitioners decreased by a third. (29-33). An important 
disadvantage of this approach, however, is that it is time consuming and 
expensive. 
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Zaat pioneered reducing the number of tests available on the order form in The 
Netherlands (25). Zaat modified the order form by simply removing rarely 
indicated tests. At the bottom of the order form, space was available where the 
general practitioner could write down other tests. The introduction of a 
restricted form of IS blood tests decreased the number of blood tests ordered 
by 18%. A restricted form is a simple and easy method for reducing the 
number of tests ordered by general practitioners (14, 25). 
The third method of changing test-ordering behavior of Dutch general 
practitioners involves the introduction of indication-oriented order forms 
based on guidelines. On these forms, tests are grouped by indication. These 
forms proved effective in reducing the number of blood tests ordered by 
general practitioners (34-36) 
In The Netherlands, the majority of general practitioners have replaced their 
traditional paper-based medical record with electronic patient records (37). 
These general practitioners use the computer during patient encounters to 
record the medical data. Many investigators argne that the use of electronic 
patient records provides new opportunities for decision support (38-40); they 
argue that the integration of decision support facilities with the electronic 
patient record provides a natural way to integrate that support in day-to-day 
practice. The use of a decision support system for test ordering has to become 
part of the normal worktlow, i.e. it should not require prohibitive additional 
time when compared to ticking the boxes on a paper form. Taking advantage 
of the use of electronic patient records by Dutch general practitioners, we want 
to replace the traditional test ordering paper forms by a decision support 
system. 
3.3 Designing the System 
The objective of the decision support system is to change test-ordering 
behavior. Building a system to change test-ordering behavior, however, 
requires us to select a method we will follow when providing support. We 
decided to use two methods: the restricted order form method and the 
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indication-oriented order form. To study these two methods for changing test-
ordering behavior, we developed two versions of the decision support system 
BloodLink. The first version, BloodLillk-Restricted, is based on the notion of 
restricting the number of choices presented to the general practitioners. The 
second version, BloodLillk-Gliidelille, is based on the guidelines provided by 
the Dutch College of General Practitioners. Implementation of both strategies 
allows us to study differences between the two methods. We will first describe 
these two versions of BloodLink. 
3.3.1 BloodLillk-Restricted 
In The Netherlands, one effective method to change test-ordering behavior of 
general practitioners is based on reducing the number of tests that are shown 
on the order form. Zaat developed a restricted paper order form that replaced 
the existing form with a new form that listed only 15 tests (13). The original 
paper order form listed a total of 178 different tests. Many of these tests are 
rarely indicated in general practice. On the restricted order form, the rarely 
indicated tests were left out. To order a rarely indicated test, the general 
practitioner could write the name of the required test in a section at the bottom 
of the form. Having designed a simplification of the order form, Zaat did a 
one-year-intervention study in an experimental group, using the restricted 
order form. The control group retained the familiar order form that listed 178 
tests. The average number of tests per month decreased by 18% in the 
experimental group. Reintroducing the previous order form, however, showed 
a retut'll to the original levels before intervention. 
BloodLink-Restricted is based on providing the general practitioner with an 
electronic version of a restricted order form. The general practitioner, using 
the electronic patient record, can activate BloodLink to order blood tests. 
BloodLink offers the general practitioner an alphabetic list of 15 tests. These 
15 tests were judged by Zaat to be the most relevant in primary care. Figure 1 
shows the screen of BloodLink-Restricted with these 15 tests. The general 
practitioner chooses from this list the relevant tests. The general practitioner 
may add other not listed tests by simply typing the initial letters of the desired 
test. BloodLink will subsequently show a list of all tests beginning with those 
letters from which the general practitioner may choose the desired test(s). 
Options for specific instructions to the laboratory (for example, urgent, or 
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fasting value) are available (See Figure 1). BloodLink-Restricted 
subsequently prints a patient-specific blood order form that includes the 
necessary patient data (such as name, age, address, etc.), the tests ordered and 
the specific instructions for the laboratory. Finally, the system updates the 
patient record to show which tests have been ordered. 
Figure 1: TIle restricted fonn 
BloodLink Restricted Order ForM. 
Grllbiinhof 2A 46 ir. Hon 230 P_ 
<Enter> " Sl~i tch Yes/No 
<F3> " Help inforMation 
-) " Fasting value/Urgent 
\I '" Fasting value/Urgent 
<Fl> '" Exi t this screen 
This figure shows the list of 15 alphabetical ordered tests. The general practitioner chooses from 
this list the relevant tests. TIle general practitioner Illay add other not listed tests by typing the 
initial letters of the desired tcst 
3.3.2 BloodLillk-Gllidelille 
Several Dutch investigators have used guidelines issued by the Dutch College 
of General Practitioners to construct indication-oriented order forms (34-36). 
These guidelines assist general practitioners in dealing with specific clinical 
conditions in a primary care setting. On these forms, tests are grouped by 
indication. Studies with these order forms have shown impact on test-ordering 
behavior (35). A major limitation of these studies is that they involve only a 
small subset of the available practice guidelines. 
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BloodLink-Guideline is based on the recommendations for test ordering as 
provided by the Dutch College of General Practitioners. Until January 1st 
1996, the Dutch College of General Practitioners had published in total 54 
guidelines. The College regularly updates the guidelines. We analyzed the 
most recent version of each guideline that was available on January 1st 1996 
(41). For each of the guidelines, we analyzed each sentence to determine 
whether that sentence contained a reference to a blood test. If the sentence 
contained a reference to blood tests, we determined the clinical situation in 
which the test should be performed (the indication), and determined the tests 
that should be performed in that situation (the recommended tests). 
Of the 54 guidelines, 23 guidelines mentioned blood tests and allowed us to 
identify the indication for those tests (41). We distinguished five different 
categories of indications. The first category of indications describes clinical 
situations in which the general practitioner considers a diagnosis, the working 
diagnosis. This working diagnosis is the most probable diagnosis based on the 
patient's medical history andlor physical examination. The general practitioner 
subsequently uses the blood tests to support or refute that diagnosis. 
The second category of indications describes clinical situations in which the 
general practitioner has established a diagnosis, and uses the laboratory to 
investigate underlying pathology that could cause the disease. The crucial 
difference with the category working diagnosis is that in case of underlying 
pathology the guideline requires that the general practitioners has already 
established the presence of a specific diagnosis. Given the presence of this 
specific diagnosis, the guideline specifies the evaluation of possible causes of 
that diagnosis. 
The third category of indications involves monitoring the course of a disease. 
The general practitioner has established the diagnosis, and is monitoring the 
progression of the disease. 
The fOllrth category of indications describes situations in which blood tests are 
used to select appropriate treatment. In these situations, the general 
practitioner has established the diagnosis, and the blood tests are used to 
identify factors that have a direct bearing on the choice of subsequent 
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treatment. Based on the results of these blood tests, the guideline specifies the 
treatment of choice. 
The fiftll category of indications describes situations in which blood tests are 
used to monitor the side effects of drugs. The guidelines state that for certain 
drugs, the general practitioner should monitor the patient for potential side 
effects of the drugs. In some instances, this requires periodic blood testing. 
The results of the blood tests might lead to modification of prescribe dosages 
01' termination of the treatment with that drug. 
The analysis of the guidelines shows that the guidelines contain specific and 
detailed recommendations for ordering blood tests. Given the fact that 
previous studies have reported a lack of general practitioners' knowledge 
concerning indications for tests, the guidelines could provide needed support. 
(25, 42). These recolllmendations, however, are scattered throughout many 
different guidelines (a total of 23 out of the 54 practice guidelines); the 
currently available paper-based guidelines require the general practitioner to 
spend time and effort to locate and interpret the reconnllendations for blood 
tests. 
From the perspective of a system builder, our objective was to identify the 
specific recommendations for test ordering. From this perspective we conclude 
that the guidelines contain concrete and specific reconlll1endations, and that 
only few inconsistencies were found. Identifying the indication for requesting 
blood tests is a possible method for analyzing the guidelines with respect to 
reconnl1endations for test ordering. The indication for blood tests is the 
specific question of the general practitioner to which obtaining the tests will 
provide a (partial) answer. We conclude that the recommendations for blood 
tests in the guidelines of the Dutch College of General Practitioners are 
focused on describing what tests are necessary in the context of a given 
indication. 
Based on these notions, we developed the system BloodLink-Guideline. The 
general practitioners, using the electronic patient record, can activate 
BloodLink to order blood tests. BloodLink-Guideline first provides an 
overview of the available guidelines (See Figure 2). In The Netherlands, the 
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names of these guidelines are familiar to general practitioners. The guidelines 
are published in the journals, taught in medical school, and included in 
mandatory continuing medical education. We have, therefore, decided to 
adhere to the names of these guidelines as much as possible. The general 
practitioner selects the appropriate guideline, for example liver disease. A 
guideline may describe several different indications for requesting blood tests; 
for example, the guideline "Blood tests and liver disease" mentions ten 
different indications. Once the general practitioner has selected a guideline, 
BloodLink-Guideline queries the general practitioner about the reasons for 
requesting the test(s) until an indication is identified. Depending on the 
number of indications mentioned in the guideline, the general practitioner has 
to answer up to three questions. When the general practitioner has, for 
example, selected liver disorders (See Figure 3), the next questions deal with 
the disease involved (e.g., hepatitis B), and the indication (e.g., monitoring the 
course of hepatitis B). Optional help texts are available at each selection that 
explain the choices, and provide the relevant sections of the guidelines. After 
the indication has been identified, the system proposes the relevant tests. 
Figure 4 shows the recommended tests when the indication is monitoring the 
course of hepatitis B. The general practitioner makes the decision of protocol 
adherence; the practitioner may add test(s) to or remove test(s) from the 
proposed list. Options for specific instructions to the laboratory (e.g., urgent, 
or fasting value) are available (See Figure 4). BloodLink-Guideline 
subsequently prints a patient-specific test order form that includes the 
necessary patient data (such as name, age, address, etc.), the tests requested, 
and the additional instructions for the laboratory. Finally, BloodLink-
Guideline updates the patient record to show which test(s) have been 
requested. 
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BloodLink Indication-oriented Order Form, 
Hi jk vall Grflhi jnhof 2(1 46 ir. Hem 
Figure 2: Seiccting the guideline. 
111is figure shows the main window containing the guidelines for which BloodLink-Guideline has 
implemented the recommendations for ordering of blood tests, The general practitioner selects the guideline 
liver disorders. 
Although new guidelines are published at regular intervals, the currently 
available guidelines of the Dutch general practitioners cover only a limited set 
of indications for blood tests (41). In the absence of national guidelines, local 
or regional guidelines may exist. The version of BloodLink-Guideline used in 
the region of Delft, The Netherlands, includes in addition to all national 
guidelines a total of three regional guidelines: anemia, aids, and bleeding 
disorders. Even with these additional guidelines, BloodLink-Guideline does 
not cover all possible indications for blood tests in primary care. To deal with 
those situations where the general practitioner's indication is not available in 
BloodLink, the general practitioner can select the heading "other indication". 
If the general practitioner selects the heading "other indication", BloodLink-
Guideline is, of course, not able to provide recommendations for test ordering; 
the general practitioner has to select himself the required test(s) by typing the 
initial letters of the test(s). 
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BloodLink Indication-oriented Order Form. 
van Grahi inhof 28 46 jr. ~lim 
Figure 3: Selecting the indication, 
BloodLink-Guideline queries the general practitioner ahout the reasons for requesting the test(s) until an 
indication is identified, The general practitioner has already selected the guideline liver disorders. The next 
selection deals with the disease imolved. The general practitioner selects hepatitis B. 
BloodLink Indication-oriented Order Form. 
VHf) Gt'dbijnhof 21=1 46 ii', Hdil 
course (every 4 11eek:d 
<Enter> = S~1i teh Ves/llo 
<F3> = Help inforMation 
-) Fasting value/Urgent 
\I Fasting value/Urgent 
<F1> Exi t lhis screen 
Figure 4: The recommendations of BloodLink-Guidelinc for monitoring the course of hepatitis B. 
1l1is figure shows the recommcndcd tests when the indication is monitoring the course of hepatitis B. 'Ille 
physician can add additional tests and information for the laboratory (fa.~ting value or urgent test). 
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3.4 Discussion 
Increasingly literature shows that providing decision support is able to change 
health care delivery (43-48). As the number of studies that show an impact 
increases. the choices faced by a system designer also increase. To provide 
decision support. a number of different methods may be available (46). 
Studies that compare these different methods in, for example, a randomized 
trial are often not available. As a result, the developer of a decision support 
system is forced to compare the results of studies that are conducted in 
different settings, use different methods, and involve different populations. 
Our objective was to build for one medical domain two systems using two 
different methods. In out' case, the domain is blood test ordering. The resulting 
systems will be the subject of trials in which we will compare the impact of 
these systems. The methods we follow is that of displaying a reduced list of 
tests, BloodLink-Restricted, and displaying reconnnendations for test ordering 
from the guidelines of the Dutch College of General Practitioners, BloodLink-
Guideline. The only difference between the two versions of BloodLink is the 
method used to present the initial set of tests to the general practitioner. In all 
other respects, the two versions of the system are identical: the same 
integration with the computer-based medical record, the same layout of the 
screens, the same abbreviations of the tests, the same mechanism by which the 
general practitioner can add or remove tests, the same form printed, and the 
same notes left in the medical record. 
Studies with a paper order form listing a reduced number of tests have shown 
to be effective in changing test-ordering behavior (13, 49). BloodLink-
Restricted is a straightforward electronic equivalent of such a paper order 
form. BloodLink-Guideline, however, is more than the implementation of the 
existing indication-oriented forms based on guidelines. The nature of a paper 
form does not allow the expression of the detail and complexity of the 
currently available guidelines (50). Studies conducted with paper forms that 
are based on guidelines, therefore, have been limited to only a few guidelines. 
The paper forms based on a limited set of guidelines do not solve the 
fundamental problem of getting guidelines into practice. Many investigators 
have lamented the fact that the availability of guidelines is no guarantee for 
use by physicians (50-52). In the ideal situation, the decision support system 
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provides the general practitioner with guideline-based recommendations for 
test ordering during patient consultation. The development of an electronic 
indication-oriented test order form, however, requires that guidelines of 
sufficient clarity be available. 
The guidelines of the Dutch College of General Practitioners contain concrete 
and specific recommendations for test ordering (41). The indication for blood 
tests is the specific question of the general practitioner to which obtaining the 
test will provide an answer. For researchers in Medical Informatics, this notion 
of the indication as the general practitioner's question has significant 
consequences for designing a decision support system. Given the concept of 
the indication, the designer faces a choice. 
The first alternative is, given the patient symptoms, that the system identifies 
the indication for blood tests. If the objective is to support the identification of 
the indication, the decision support system will require detailed information 
about the patient's condition. This approach requires the physician to enter 
patient data. Based on the available data, the system could generate 
indications, select among these, and prepare a recommendation for test 
ordering. Some of the required patient data may be already available in the 
electronic patient record. By integrating the system with the medical record, 
the system could automatically retrieve that data. As a result, the need to have 
the physician enter data in the system could be reduced. If the identification of 
the indication is based on the data in the electronic patient record, the accuracy 
of that data is of critical importance. The levels of accuracy in electronic 
patient records, however, have been reported as varying (53-55). In addition, 
the identification of indications requires a formal decision model (for example, 
a Baysian model) that translates the patient's symptoms to indications (56). 
The second alternative is, given the indication, that the system selects the 
appropriate tests. If the objective of the system is to select the appropriate test 
given the indication, the decision support system will start asking the general 
practitioner questions about his or her indication; the translation of the 
patient's condition to a specific indication is left to the general practitioner. In 
this approach, the system does not require information about the patient's 
condition, but information from general practitioners about the indication 
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underlying the request for tests. In this approach, the system queries the 
general practitioner instead of interpreting the patient data. 
The system huilder thus has to determine whether the decision support is 
hased on the patient's symptoms or on the general practitioner's indications. 
For the general practitioner, these two methods will result in two different 
systems. If the objective of the system is to select the appropriate test given 
the indication, the general practitioner has to answer questions about his or her 
indication and translate the patient's condition to a specific indication. If the 
objective of the system is to select the test given the symptoms of the patient, 
the general practitioner has to answer questions about the patient's symptoms 
or complaints; the system will, subsequently, determine the indication. 
We decided to build a system that requests from the general practitioner the 
indication, BloodLink-Guideline. As a result, the system is driven by 
questions related to the objectives of the general practitioner and does not ask 
detailed questions about the symptoms or complaints of the patient. The 
downside of this approach is that the system does not support the general 
practitioner in establishing the appropriate indication based on the complaints 
of the patient. This decision is not only based on the fact that the guidelines 
provide recommendations on the level of indication. We also believe that 
especially general practitioners are able to, decision support systems can only 
deal with a very limited segment translate the often-complex presentation of 
patients' complaints to well-defined indications. Computers are only able to 
deal with those parts of the patient-physician encounter that can be translated 
to objective facts and numbers; as a result of reality. Other investigators have 
lamented the fact that decision support systems tend to ignore the intellect of 
the physician (57), and leave the practitioner with a sense of losing control 
(58). We believe that in the area of the initial interpretation of the symptoms 
of the patient the role of a decision support system should be very limited. 
Although literature shows that different methods are able to change 
physicians' test-ordering behavior, little is known about which method is most 
effective. BloodLink represents an effort to change test-ordering behavior of 
general practitioners using two different methods. The objective is to provide a 
research environment that allows eomparison of these different methods. 
Further research will have to show the impact of the different versions of 
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B100dLink on the test-ordering behavior of the general practitioner. At 
present, 60 general practitioners in the area of Delft, The Netherlands, are 
involved in a randomized trial in which the impact of both BloodLink-versions 
is compared. Initial results indicate that the system is used in the majority of 
cases (over 70% of the order forms the laboratory receives of these general 
practitioners are generated using the decision support system). Additional 
studies will have to assess the changes caused by the system in the use of the 
laboratory. 
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4.1 Abstract 
Background: Different methods for changing blood test ordering behavior in 
primary care have proven effective. Randomized trials comparing these 
methods have never been conducted. 
Objective: To compare the effect of two versions of BloodLink, a computer-
based clinical decision support system, on blood test ordering behavior of 
Dutch general practitioners. 
Design: Randomized clinical trial. 
Setting: 44 Practices of Dutch general practitioners in the region Delft. 
Participants: 44 Practices (60 general practitioners) using computerized 
patient records. 
Interventions: After stratification by single-handed practices and group 
practices, practices were randomized to BloodLink-Restricted, based on 
initially displaying a reduced list of tests, or to BloodLink-Guideline, based on 
the guidelines of the Dutch College of General Practitioners. 
Measurements: The main outcome measure was the average number of blood 
tests ordered per order form per practice. 
Results: General practitioners who had access to decision support based on 
guidelines requested on average 20 % fewer tests (5.5 tests versus 6.9 tests, 
respectively; Mann-Whitney test p=O.003, N=44) than general practitioners 
with access to decision support based on a form that initially displays a limited 
number of tests. 
Conclusion: We conclude that decision support based on guidelines is more 
effective in changing blood test ordering behavior than decision support based 
on initially displaying a limited number of tests. Decision support systems can 
be effective in introducing guidelines in primary care. 
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4.2 Introduction 
The majority of general practitioners in The Netherlands have replaced their 
traditional paper-based patient records with computer-based patient records, 
the physicians entering patient data themselves in the computer during patient 
encounters (I). The use of electronic patient records creates new opportunities 
for the implementation of decision support systems; integration of decision 
support facilities with electronic patient records provides a natural way to 
support clinical practice (2-7). 
To provide decision support, a number of different methods may be available. 
In recent years, publications documented a range of computerized decision 
support systems and demonstrated their impact on physicians' behavior (8-17). 
Other investigators, however, report that computerized decision support failed 
to have an impact on patient care (18). As a result, investigators are forced to 
compare the results of studies that are conducted in different settings, use 
different methods, and involve different populations (19). Studies that 
compare di fferent methods to provide computerized decision support in 
randomized trials are not available. 
In The Netherlands, three to four percent of patient encounters with general 
practitioners in primary care results in ordering blood tests (20). Ordering of 
blood tests by physicians is not always appropriate (21-29). General 
practitioners become acquainted with test ordering when being trained in 
hospitals before settling down in primary care (30). Hospital morbidity, 
however, is different from morbidity patterns in primary care (31-33). 
Especially in a primary care setting with low disease prevalence, researchers 
argue that excessive test ordering causes abnormal or false positive values, in 
turn leading to additional, unnecessary diagnostic examinations (34, 35). 
Our objective is to compare, in the domain of blood test ordering in primary 
care, two versions of the same decision support system; each version is based 
on a different method. Both methods have proven effective in reducing the 
number of tests ordered by Dutch general practitioners. The first method is 
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based on restricting the number of tests that are listed on an order form. Zaat et 
al. developed a restricted order form that replaced the then existing form with 
a new paper form (36-38). The original form had a total of 178 different tests. 
The restricted order form had only 15 tests; to order other tests, the general 
practitioner could write the name of the required test in a section at the bottom 
of the form. In an intervention study, the average number of tests per month 
decreased by 18 percent (36-38). The second method involves the introduction 
of indication-oriented order forms, based on clinical practice guidelines (39-
41). On the indication-oriented order forms, tests are grouped by indication. 
These forms proved to be effective in reducing the number of blood tests 
ordered by general practitioners (39-41). 
4.3 Methods 
4.3.111l/erl'elltioll 
To study two methods for changing test-ordering behavior, we developed two 
versions of the decision support system BloodLink. Both versions of 
BloodLink were integrated with the computerized patient record. The general 
practitioner can activate BloodLink to order blood tests while using the 
electronic patient record as an alternative for using paper order forms. As the 
number of tests that can be ordered is too large to display on a computer 
screen, a set of tests is presented for selection. If the physician requires 
additional tests, he or she can type the first few letters of the name of the 
required test, and the system will present all possible matches (including 
possible typing errors of the general practitioner) for selection. During the 
intervention the number of tests the general practitioners had at their disposal 
was exactly the same as before the intervention. Options for specific 
instructions to the laboratory (e.g., "urgent processing", or "fasting values") 
are available. BloodLink subsequently prints a patient-specific test order form 
and necessary instructions for the laboratory. Finally, the system updates the 
patient record with the tests that have been ordered. The only difference 
between the two versions of BloodLink is the method used to present the 
initial set of tests to the general practitioner. 
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BloodLink-Restricted is based on the notion of a restricted order form. 
BloodLink-Restricted offers the general practitioner an initial set of 15 tests 
that previous research has identified as covering most of the clinical situations 
in primary care (37). BloodLink-Restricted can be viewed as a general 
electronic order form that presents only 15 tests 1 on the screen, together with 
a field "other tests" that allows the physician to order any other blood test 
(42). 
BloodLink-Guideline is based on the guidelines of the Dutch College of 
General Practitioners. By January 1996, the Dutch College of General 
Practitioners had published 54 guidelines covering most clinical situations in 
primary care. We analyzed the most recent version of each guideline, available 
in January 1996 and analyzed whether it contained a reference to a blood test 
(43). We determined the clinical situation in which the test should be 
performed (the indication), and the tests that should be performed in that 
situation (the recommended tests). 
When general practitioners activate the system, BloodLink-Guideline first 
provides an overview of the available guidelines. The names of these 
guidelines are familiar to general practitioners. The general practitioner selects 
the appropriate guideline. A guideline may describe several different 
indications for requesting blood tests; for example, the guideline for blood 
tests and liver disease mentions 10 different indications. After the indication 
has been identified, the system proposes the relevant tests. 
I The 15 tests were: ALAT: alanine aminotransferase; ASAT: aspartate 
aminotransferase; Bilirubine total, Cholesterol; Creatinine; ESR: erythrocyte 
sedimentation fate; Free T4; GOT: Gamma-glutamyltransferase; Glucose (and 
Fasting Glucose); HbAIC; Hb; Mev: mean corpuscular volume; Paul Bunnell; 
Potassium; TSH: Thyroid Stimulating Hormone. 
76 
Changing Physicians' Ordering of Blood Tests 
The general practitioner makes the decision of protocol adherence. At any 
time, the physician can alter tests for individual patients by adding or 
removing tests from the proposed list. Although new guidelines are published 
at regular intervals, the currently available guidelines cover only a limited set 
of indications for blood tests (43). In the absence of national guidelines, local 
or regional guidelines may exist. The version of BloodLink-Guideline used 
during the clinical trial in the region of Delft, The Netherlands, includes, in 
addition to all national guidelines, three regional guidelines for anemia, AIDS, 
and bleeding tendency. Even with these additional guidelines, BloodLink-
Guideline does not cover all possible indications for blood tests in primary 
care. To deal with these situations the general practitioner can select the 
heading "other indication" and order any test. 
4.3.2 Participallts 
In August and September 1995, all 64 practices (94 general practitioners) in 
the region of Delft were invited to participate in the study. Only practices that 
had replaced the paper-based patient records with electronic records and were 
using the computer during patient encounters were eligible for the study. A 
total of 46 practices (62 general practitioners) agreed to participate. 
4.3.3 Randomization 
To avoid contamination, we randomized at the level of the practice (44, 45). 
The practices were first stratified by single-handed practices and group 
practices (that is two or more general practitioners in the same practice). Each 
practice was subsequently assigned by simple random allocation to 
BloodLink-Restricted or BloodLink-Guideline for the complete study period. 
Randomization was performed with a table of random numbers by a 
researcher not involved in the study and who was blind to the identity of the 
practices. 
After randomization 22 practices involving 30 general practltIOners were 
assigned to BloodLink-Restricted and 24 practices, involving 32 general 
practitioners, were assigned to BloodLink-Guideline. 
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4.3.4 Protocol 
After installation, a short instruction was given to the participating general 
practitioners about the use of the software by one of us (MW). During a tlu-ee-
month period, the general practitioners were allowed to use BloodLink in their 
practices to become acquainted with the system. After this period, the general 
practitioners were asked whether they were wiIling to participate in the trial. 
The study period was March 1996 through February 1997. For test ordering, 
physicians had the choice between either the BloodLink software or the 
traditional paper form; thus, paper order forms were still available during the 
entire intervention period. When the general practitioner ordered blood tests 
during a patient encounter, only one order form was generated irrespective of 
whether the general practitioner used paper forms or BloodLink The electronic 
patient record monitored the use of BloodLink by the general practitioners. To 
include the requests for blood tests that were done on traditional paper forms, 
we also retrieved from the regional laboratory all received requests for blood 
tests. 
4.3.5 Olitcollles 
We counted the number of orcler forms that the laboratory received from the 
general practitioners, ancl the number of tests on each form. The main outcome 
measure was the average number of tests per order form (including paper 
forms) per practice (summary variable). We subsequently identified the most 
frequently ordered tests by locating the tests that accounted for 80 percent of 
the total number of tests ordered. For these frequently ordered tests, we 
computed per practice the percentage of order forms that included the test. 
4.3.6 Data analysis 
We compared the distribution of practice and general practitioner 
characteristics at baseline using t-tests. The differences in the number of tests 
per order form were analyzed using the Mann Whitney test (unit of analysis 
the practice). In order to explore whether the size of the practice, the 
composition of the practice (gender and average patients' age, type of 
insurance), and the test-ordering behavior of the general practitioner during 
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the previous period (July I" 1994 through June 30'h 1995) affected the 
difference between the two intervention arms, we conducted a multivariate 
Poisson regression taking the number of tests during the intervention period as 
count variables and the practice size as offset. For the frequently ordered tests, 
we computed per practice the percentage of order forms that included that test 
and applied Student's t-test (equal variance not assumed; unit of analysis the 
practice). 
4.4 Results 
In 46 practices, the BloodLink software was installed. In the three-month 
period during which the general practitioners were allowed to use BloodLink 
in their practices to become acquainted with the system, two single-handed 
practices (one assigned to BloodLink-Restricted, and the other to BloodLink-
Guideline) did not want to proceed; the first general practitioner stated that the 
response time of his computer had deteriorated, and the second one did not 
like the software. Forty-foUl' practices with a total of 60 general practitioners 
started and ended the intervention study: 21 practices involving 29 general 
practitioners assigned to BloodLink-Restricted and 23 practices, involving 31 
general practitioners, assigned to BloodLink-Guideline. 
4.4.1 Baseline Comparability 
In the practices assigned to BloodLink-Restricted, a total of 77,336 patients 
were enrolled on March I" 1996. Of these 77,336 patients, 41,174 (53.2%) 
were ensUl'ed through a sick fund, 37,397 (48.4%) were female, and the 
average age on March I" 1996 was 36.2 years old (median 33.7 years, 25 
percentile 21.0 years, 75 percentile 50.6 years). In the practices assigned to 
BloodLink-Guideline, a total of 78,461 patients were enrolled on March I" 
1996; 41,198 (52.5%) were ensUl'ed through a sick fund, 38,743 (49.4%) were 
female, and the average age on March 1" 1996 was 37.1 years old (median 
34.7 years, 25 percentile 21.5 years, 75 percentile 51.9 years). Table I shows 
the baseline characteristics of the practices involved in the study. Table 2 
shows the baseline characteristics of the general practitioners. 
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Table I: Baseline characteristics of practices. 
BloodLink-Restricted (n=21) 
Enrolled population 
Average age of population in yean; 
Percentage female 
Percentage ensured through sick fund 
Average number of test per order fonn in the 
period July 1st 1994 through June 30th 1995 ** 
* t-test on means 
** two cases missing in each group 
Mean 
3683 
36.3 
48.3 
53.2 
7.7 
Table 2: Baseline characteristics of general practitioners. 
Median 
3399 
36.3 
49.4 
53.5 
7.8 
BloodLink-Restricted (n=21) 
Mean Median 25 percentile 
Age at start of study 43.7 42.0 38.7 
Yean; of experience at start of study 16.5 15.0 12.5 
CME credits in 1996 44.3 42.0 33.7 
CME credits in 1997 51.7 47.0 38.0 
* t-tcst on means 
25 percentile 
2930 
35.1 
48.2 
50.9 
5.8 
75 percentile 
48.2 
22.2 
56.5 
56.5 
BloodLink-Guideline (n=23) 
75 percentile Mean Median 25 percentile 
4400 3411 3205 2917 
37.8 37.1 37.6 35.0 
50.0 49.5 49.9 49.0 
56.4 52.9 53.7 50.7 
9.3 7.2 7.3 6.1 
BloodLink-Guidcline (n=23) 
Mean Median 25 percentile 75 percentile 
43.2 43.0 39.0 47.0 
15.6 16.0 12.0 20.0 
43.1 42.0 31.0 50.0 
43.7 43.0 31.0 60.0 
75 percentile 
3796 
39.4 
50.3 
58.9 
8.1 
P-value * 
0.771 
0.563 
0.765 
0.126 
P-value * 
0.357 
0.467 
0.213 
0.851 
0.423 
9 
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4.4.2 Number aiTests per Order Form per Practice 
For test ordering, the general practitioner had the choice to use either 
BloodLink or the traditional paper form. Of the 12,742 order forms the 
laboratory received during the intervention period from the BloodLink-
Restricted group, the general practitioners used the decision support software 
11,151 times (88 percent of all orders) to order blood tests; for the remaining 
1,591 orders they used the traditional paper order forms. Of the 12,668 order 
forms from the BloodLink-Guideline group, 9,091 (72 percent of all orders) 
were generated using the decision-support system. We calculated as sUllnllary 
variable the average number of tests ordered per order form per practice. 
Table 3: Number of tests per order fann per practice. 
Mean SD 
BloodUnk Restricted (0-21) 
BloodLink-Guideline (n:;;:23) 
6.9 
5.5* 
~, p=O.OQ3, compared to BloodLink-Rcstrictcd 
1.6 
0.9 
Median 
6.6 
5.6 
25 75 
percentile percentile 
5.7 7.9 
4.6 6.2 
As shown in Table 3, general practitioners who had access to BloodLink-
Guideline ordered significantly fewer (20%) tests per order form than general 
practitioners who had access to BloodLink-Restricted (5.5±0.9 tests versus 
6.9±1.6 tests, respectively; Mann-Whitney test p=0.003, unit of analysis the 
practice). A multivariate Poisson regression taking the number of tests per 
patient while adjusting for demographic characteristics of the practice (gender, 
average patients' age, insurance type) and previous test-ordering behavior of 
the general practitioner (July I" 1994 through June 30th 1995) also showed a 
lower number of tests per enrolled patient in the BloodLink-Guideline group 
(P < 0.0001) compared to the BloodLink-Restricted group. 
In total, the general practitioners ordered 157,360 tests during the study 
period. Although the general practitioners requested in total 351 different 
laboratory tests, the 20 most frequently ordered tests accounted for 80 percent 
of the total number of ordered tests. Table 4 shows these 20 most frequently 
ordered tests. Table 4 also shows the percentage of order forms per practice 
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that include that test. In the BloodLink-Restricted group, for example, 61.2 
percent of the order forms included an erythrocytes sedimentation rate test, 
and in the BloodLink-Guideline group 44.1 percent did so (p<O.OOI, Student's 
t-test, unit of analysis the practice, equal variances not assumed). 
Table 4: For the 20 most frequently ordered tests, the percentage of order fomts per practice that included 
that test. 
Percenta~e of order fonm; (standard deviation) 
Test Blood Link -Restde ted BloodLink-Guideline I-test, p-vuiue 
Group Group 
ESR 61.2 (12.0) 44.1 (10.9) < 0.001 
Hemoglobin 58.5 (11.9) 47.8 (11.7) 0.004 
Glucose 47.1 (17.4) 41.4 (12.3) 0.22 
WBe counl 38.6 (15.3) 29.7 (8.9) 0.03 
Hematocrit 36.0(21.1) 26.6 (2.3) 0.08 
Creatinine 40.0 (11.2) 27.4 (10.8) <0.001 
Erythroc)1eS 34.7 (21.5) 24.3 (11.6) 0.06 
Mev 34.4 (21.5) 23.0 (12.0) 0.04 
WBe differential analysis 31.3 (16.2) 23.3 (7.2) 0.05 
Cholesterol 28.7 (12.1) 25.7 (9.0) 0.35 
TSH 26.9 (14.3) 25.3 (5.3) 0.63 
Gamma-OT 31.3 (15.4) 16.9 (9.2) <0.001 
ALAT 24.7 (13.6) 15.2 (6.8) 0.008 
Potassium 17.7 (11.3) 8.8 (5.4) 0.003 
ASAT 16.7 (10.8) 8.5 (6.5) 0.005 
Triglyccrides 11.4 (9.9) 9.9 (6.5) 0.56 
HDL-Cholestcrol 1l.7(1I.I) 9.5 (6.8) 0.44 
Sodium 6.9 (7.4) 6.2 (3.5) 0.70 
Free 1'4 8.4 (6.2) 4.8 (3.7) 0,03 
Alkaline Phos[!hates 5.4 (4.9) 7.0 (5.4) 0.34 
ESR:,erythrocyte sedimentation rate; WBe, white blood cells; l"ICV, mean corpuscular volume; 
TSH, thyroid stimulating hormone; gamma-GT, gamma-glutamyltransferase; ALAT, alanine 
aminotransferase; ASAT, aspartate aminotransfera.~e; HDL, high-density lipoproteins. 
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4.5 Discussion 
Increasingly, the literature shows that providing decision support is able to 
change health care delivery (8-13, 15). Our objective was to build and 
evaluate, for one medical domain, a decision support systems using two 
different methods. In our case, the domain was blood test ordering. The 
method we followed was either displaying an initially reduced list of tests, 
BloodLink-Restricted, or displaying recommendations for test ordering based 
on the guidelines of the Dutch College of General Practitioners, BloodLink-
Guideline. Our objective was to compare these two versions in a randomized 
trial. 
Although the introduction of the BloodLink software was not accompanied by 
any training program (only a short instruction was given) and the familiar 
paper forms were still available during the intervention period, the majority of 
the orders were placed using BloodLink. A possible reason for the ease of the 
introduction is that Dutch general practitioners are used to using computers to 
maintain their patient records. BloodLink-Restricted, however, was used more 
frequently than BlooclLink-Guideline (88 percent versus 71 percent). A 
possible explanation for the difference between the use of computer-generated 
order forms between the intervention groups is that, compared to BloodLink-
Guideline, the interface of BloodLink-Restricted is more similar to the usual 
paper order form. In addition, BloodLink-Guideline does not cover al 
indications. General practitioners will soon learn that certain indications are 
not available and may decide to use the traditional paper form because filling 
the paper form is faster than selecting the individual tests using BloodLink-
Guideline. 
BloodLink-Guideline showed a reduction in tests per order when compared to 
BloodLink-Restricted (5.5 tests ordered per form versus 6.9 tests). For some 
frequently ordered tests, we observed a large difference between the 
BloodLink-Guideline and BloodLink-Restricted groups: a difference of 28 
percent for erythrocyte sedimentation rate (61.2 percent versus 44.1 percent 
of the order forms), 32 percent for creatinine, 46 percent for gamma-
glutamyltransferase, and 49 percent for aspartate aminotransferase. For other 
tests, however, there were no significant differences (e.g., glucose, cholesterol, 
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thyroid stimulating hormone, HDL-cholesterol, erythrocytes, sodium, and 
alkaline phosphates). We conclude that the overall reduction of ordered tests 
in the BloodLink-Guideline group is caused predominantly by a decrease in 
the ordering of some specific tests. BloodLink-Guideline does not reduce all 
test ordering in the same degree, but singles out a number of tests. 
We believe that BloodLink-Guideline generally eliminated unnecessary tests 
rather than beneficial tests. First, for some tests we observe little or no 
difference between the groups. Thyroid stimulating hormone (TSH), for 
example, shows no significant difference between both groups. In ordering 
Free T4, however, there is a significant difference between the BloodLink-
Restricted group and the BloodLink-guideline group. This could be the 
reflection of the fact that the BloodLink-Restricted users, order Free T4, while 
listed, simultaneously with TSH. However, according to the guideline for 
thyroid dysfunction issued by the Dutch College of General Practitioners, Free 
T4 should only be tested in case of abnormal TSH values. Another example of 
a frequently ordered test that shows little difference between both groups is 
glucose; glucose has a well-defined indication in confirming, excluding and 
monitoring diabetes mellitus. Second, the general practitioner using 
BloodLink-Guideline made the decision of protocol adherence. At any time, 
the physician could decide not to adhere to the system's recommendations for 
an individual patient by adding or removing tests from the proposed list. 
During the study period, the general practitioners using BloodLink-Guideline 
removed 1135 times one or more tests from the system's recommendations 
and added 4210 times one or more tests. We conclude that if the general 
practitioner would completely adhere to the recommendations for test ordering 
of the guidelines, a still greater reduction would be attained. Further research 
will have to clarify whether our belief that unnecessary tests are eliminated is 
correct. 
The fact that in our study 20 tests accounted for 80 percent of the total number 
of tests ordered supports the notion that a limited number of tests satisfies the 
requirements for test ordering in most situations in primary care (36). 
BloodLink-Guideline, based on five categories of indications and involving 68 
different indications (43), requires a total of 37 different tests. Although 
BloodLink-Guideline supports the use of 37 tests as compared to the 15 
alphabetically ordered tests listed in BloodLink-Restricted, the use of 
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BloodLillk-Guideline results in a much larger reduction in ordered tests, This 
larger reduction can be explained by the fact that BloodLink-Guideline shows 
an optimal "restricted" list of tests relevant for a specific indication. 
BloodLink-Guideline can be regarded as an attempt to limit the number of 
choices available, based on medical knowledge related to a specific indication. 
BloodLink-Guideline enables physicians to apply the medical knowledge of 
guidelines, whereas BloodLink-Restricted applies the notion of an initially 
limited set of tests that should fit most circumstances. Our study indicates that, 
in the domain of blood test ordering, providing more options that are 
embedded in a system driven by guidelines leads to a larger reduction in the 
number of tests ordered than merely reducing the form to a limited set of tests. 
Many investigators have lamented the fact that the availability of guidelines is 
no guarantee for use by physicians (46-48). In the domain of blood test 
ordering, paper forms had been used to change physician behavior. The nature 
of a paper form, however, does not allow the expression of detail and 
complexity of currently available guidelines. Studies conducted with paper 
forms, therefore, have been limited to only a few guidelines. Paper forms 
based on a limited set of guidelines do not solve the fundamental problem of 
introducing guidelines into clinical practice. BloodLink-Guideline is based on 
the complete set of recommendations for test ordering as provided by the 
guidelines of the Dutch College of General Practitioners. This study showed 
that BloodLink-Guideline was used for the majority of test ordering. This 
study provides additional evidence that computerized decision support systems 
can be an effective method to introduce guidelines in daily practice. We were 
able to perform this study because the majority of general practitioners in The 
Netherlands have replaced their traditional paper-based patient records with 
computerized patient records. This study underscores the potential advantage 
of computerized patient records as a vehicle for changing physicians' behavior 
(49). In view of the little effort that was needed for the introduction of 
BloodLillk in daily practice, the changes we found in test-ordering behavior 
could well be replicated elsewhere in primary care practices using 
computerized patient records. The results of this study may encourage the use 
of computerized patient records to enter patient data during patient encounters. 
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5.1 Abstract 
Backgroulld: To deal with the rapidly expanding body of medical knowledge, 
guidelines are increasingly viewed as a mechanism for distributing knowledge 
to physicians. We determined the compliance of Dutch general practitioners to 
the recommendations for test ordering as defined in the guidelines of the 
Dutch College of General Practitioners. 
Methods: To implement the recommendations for test ordering, the authors 
have built the indication-oriented test-ordering module B1oodLink-Guideline. 
BloodLink-Guideline was integrated with the electronic patient records of 31 
general practitioners, practicing in 23 practices (16 single-handed). We 
determined compliance by comparing the recommendations for test ordering 
with the actually ordered testes) per indication. The study lVas conducted from 
March 1996 through February 1997. To assess if non-compliance was related 
to pending revision of guidelines, we analyzed which guidelines had been 
revised after the intervention period and compared the three most frequently 
added tests in the non-compliant order forms with the recommendations of the 
updated guideline. 
Maill Outcollle Measures: Compliance was expressed as the percentage of 
order forms per practice and per indication that follow the recommendations 
for test ordering of the guidelines of the Dutch College of General 
Practitioners. 
Results: Twelve indications accounted for more than 80 percent of the 
indication-oriented order forms. The most frequently used indication for test 
ordering was "vague complaints" (30.1 % of all indications). Thirty-nine 
percent of the indication-oriented order forms were compliant. Removing tests 
is rare compared to adding tests. Many of the modifications that caused the 
order form to be non-compliant are supported by revisions of guidelines after 
the intervention period. For example, HDL-cholesterol, added in 79.2 percent 
of the non-compliant order forms, is included in the recommendations of the 
revised guideline Hyperchoiesterolelllia. Likewise, HbAI C, added in 71.2 
percent of the non-compliant order forms, is included in the recommendations 
of the revised guideline Diabetes Mellitus. 
93 
Chapter 5 
COl/clusion: General practitioners rely on guideline-based test 
recommendations as a basic minimum for test ordering in daily practice but at 
the same time anticipate on pending revision of guidelines. Disregarding this 
aspect might lead to pointlessly focusing on barriers to physician guideline 
adherence. 
Keywords: Family Practice, Compliance to Practice Guidelines (standards), 
Diagnostic Tests, Laboratories, and Test-ordering Behavior. 
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5.2 Introduction 
The increased availability of diagnostic tests over the past decades has been 
accompanied by an increased number of blood tests, ordered by general 
practitioners. Dutch investigators report a lack of general practitioners' 
knowledge concerning the indications for blood tests leading to inappropriate 
and inadequate use of diagnostic tests (1, 2). Investigators in other countries 
also argue that improving the quality of blood test ordering deserves attention 
(3-6) 
To deal with the rapidly expanding body of medical knowledge, guidelines are 
increasingly viewed as a mechanism for distributing knowledge to physicians 
(7, 8). Governmental agencies and professional organizations are developing 
clinical practice guidelines. In The Netherlands, the Dutch College of General 
Practitioners issues guidelines for the general practitioner. The procedure of 
creating a guideline consists of four stages (9). The first stage involves the 
selection of appropriate topics for new guidelines by an independent advisory 
board. The guidelines are intended for use by general practitioners; the topics 
selected and the levels of detail thus reflect practice in primary care. Although 
criteria for selecting topics are articulated, the process of selecting topics is 
partly subjective. In the second stage, a small taskforce consisting of four to 
eight general practitioners with special interest in and expertise on the topic of 
that guideline prepare a draft. This draft is based on a review of the available 
literature and current medical practice. As a result, the draft reflects not only 
scientific evidence, but also the consensus in the taskforce with respect to 
appropriate medical practice in primary care. In the third stage, a random 
sample of 50 Dutch general practitioners and a number of specialists review 
this draft. The fourth and final stage involves the authorization of the guideline 
by a board consisting of leading general practitioners including the chairs of 
the university departments of General Practice. After authorization, the 
guideline is published in the journal of the Dutch College of General 
Practitioners. After publication, the guidelines are revised at regular intervals. 
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Guidelines, however, have proven difficult to implement. A number of studies 
have shown that the existence of guidelines does not necessarily lead to the 
use of these guidelines by physicians. Even when authoritative guidelines are 
available, changing the behavior of physicians is difficult (10-13). 
Investigators acknowledge that the dissemination and implementation of 
guidelines constitutes an important research area that has to be addressed. (14-
16). Dissemination of guidelines alone is not enough; it needs to be combined 
with an appropriate implementation strategy (3, 17). Some authors suggest that 
initiatives to implement guidelines must employ active educational strategies 
if enduring changes in attitude are to result. (18). On the other hand, some 
authors argue that the use of electronic patient records will provide new 
opportunities for decision support (14, 19-23); they argue that the integration 
of decision support facilities with the electronic patient record provides a 
natural way to integrate that support in day-to-day practice. Recently, 
Shiffman et al. (24) analyzed the functionality and effectiveness of computer-
based guideline implementations; guideline adherence improved in 14 of 18 
systems in which it was measured. 
In The Netherlands, the majority of general practitioners have replaced their 
traditional paper-based medical record with an electronic patient record (25). 
These general practitioners use the computer during patient encounters to 
record the medical data. To take advantage of the use of electronic patient 
records by Dutch general practitioners, we have built the test-ordering module, 
BloodLink-Guideline, integrated with the electronic patient record, that 
supports the general practitioner in requesting blood tests. Our objective was 
to improve adherence to the guidelines of the Dutch College of General 
Practitioners by implementing a test-ordeting module that provides the general 
practitioner with recommendations for test ordering based on these guidelines. 
In a randomized trial we demonstrated that BloodLink-Guideline led to a 
significant reduction of the number of tests ordered by the general 
practitioners (26). 
Although the effect of BloodLink-Guideline on test-ordering behavior was 
unequivocal, a clear impact of BloodLink-Guideline on the volume of tests 
ordered is not necessarily an indication of the degree of compliance to the 
guidelines. In this study we focus on the compliance of the general practitioner 
to the recommendations for test ordering as provided by the guidelines of the 
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Dutch College of General Practitioners. We will first. however, briefly 
describe the BloodLink-Guideline module. 
5.2.1 BloodLink-Guideline 
By January 1996, the Dutch College of General Practitioners had publishecl54 
guidelines covering most clinical situations in primary care. We analyzed the 
version of each guideline available in January 1996 (27). If the guideline 
contained a reference to a blood test, we determined the clinical situation in 
which the test should be performed (lite indication) and the tests that should be 
performed in that situation (tlte recoli/II/el/ded tests). 
Of the 54 guidelines, 23 guidelines addressed blood tests and allowed us to 
identify the indications for those tests (27). We distinguished five categories of 
indications: 
I. Clinical situations in which the general practitioner has a working 
diagnosis and subsequently uses blood tests to support or refute that 
diagnosis; 
2. Clinical situations in which the general practitioner has established a 
diagnosis, ancl uses blood tests to investigate the underlying pathology that 
could be causing the disease; 
3. Clinical situations in which the general practitioner is monitoring the 
course of a disease; 
4. Clinical situations in which the general practitioner uses blood tests to 
select appropriate treatment; 
5. Clinical situations in which the general practitioner is monitoring side 
effects of drugs. 
BloodLink-Guideline, based on these five categories of indications and 
involving 68 different indications, requires a total of 37 different tests (27). 
The general practitioners, using the electronic patient record, can activate 
BloodLink to order blood tests. B1oodLink-Guideline first provides an 
overview of the available guidelines (Fig. 2). In The Netherlands, the names of 
these guidelines are familiar to general practitioners. The guidelines are 
published in the journals, taught in medical school, and included in mandatory 
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continuing medical education. We have, therefore, decided to adhere to the 
names of these guidelines as much as possible. The general practitioner selects 
the appropriate guideline, for example liver disease. A guideline may describe 
several different indications for requesting blood tests; for example, the 
guideline "blood tests and liver disease" mentions ten different indications. 
Once the general practitioner has selected a guideline, BloodLink-Guideline 
queries the general practitioner about the reasons for requesting the tests until 
an indication is identified. Depending on the number of indications mentioned 
in the guideline, the general practitioner has to answer up to three questions. 
When the general practitioner has, for example, selected liver disorders, the 
next questions deal with the disease involved (e.g., hepatitis B) and the 
indication (e.g., monitoring the course of hepatitis B). Optional help texts are 
available at each selection that explain the choices and provide the relevant 
sections of the guidelines. After the indication has been identified, the system 
proposes the relevant tests. The version of BloodLink-Guideline used during 
the clinical trial in the region of Delft, The Netherlands, includes, in addition 
to all national guidelines, three regional guidelines: anemia, AIDS, and 
bleeding tendency. Even with these additional guidelines, BloodLink-
Guideline does not yet cover all possible indications for blood tests in primary 
care. To deal with these situations, the general practitioner can select the 
heading "other indication" and type the initial letter of the desired test. 
Guideline implementation occurs in the context of conflicting pressures for 
clinical autonomy and professional standardization and quality improvement. 
(28-30). While guidelines are explicit but crude summaries of both "state of 
the art" evidence-based medicine and implicit skills, they should be used not 
to dictate practice but to inform clinical judgment. Moreover, patients have 
multiple problems and often present with non-specific complaints. The 
indication-oriented test protocols of BloodLink-Guideline, therefore, are only 
a recommendation to the physician. The general practitioner makes the 
decision of protocol adherence. At any time, the practitioner may add tests to 
or remove tests from the list proposed by BloodLink. The physician thus has 
the freedom to deviate from the guidelines, and adapt the test ordering to the 
patient-specific clinical situation. 
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5.3 Methods 
In August and September 1995, the general practitioners in the region of Delft 
were asked to participate in a randomized controlled trial in which we studied 
the impact of BloodLink-Guideline (26). A total of 62 general practitioners 
(46 practices) expressed interest to participate. Of these 62 general 
practitioners, 32 practitioners, practicing in 24 practices, were randomized to 
BloodLink-Guideline. During a three-month period the general practitioners 
were allowed to use BloodLink-Guideline in their practices. After this period, 
the general practitioners were asked whether they wished to start the study. 
One practitioner did not want to proceed; he stated that the response time of 
his computer had deteriorated. 
The study period was March 1996 through February 1997. We logged the use 
of the BloodLink-Guideline software in the general practitioners office by 
recording the use of the software in the patients' medical records. For test 
ordering, physicians had the choice to use either the BloodLink-Guideline 
software or the traditional paper; the traditional paper order forms were 
available during the entire intervention period. 
For all indications we counted the frequency of use and the number of tests 
added to or removed from the proposed test panel per practice. Protocol 
compliance was measured by comparing the BloodLink test recommendations 
with the actually ordered tests per indication. If the physician did not change 
the recommendations of BloodLink-Guideline, we labeled the order form as 
compliant. If the physician did modify the recommendations, we labeled the 
order form as non-compliant. The non-compliant order forms were 
subsequently classified into one of three categories. If the physician only 
added tests, we classified the order form as non-compliant by addition of tests. 
If the physician only removed tests, we classified the order form as non-
compliant by removal of tests. If the physician both removed and added tests, 
we classified the order form as non-compliant by both addition and removal of 
tests. The main outcome measure was the percentage of order forms compliant 
with the recommendations for test ordering of the guidelines of the Dutch 
College of General Practitioners. 
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Guidelines are regularly updated in the light of changing medical knowledge. 
To assess whether non-compliance was related to a pending change in a 
guideline, we analyzed in October 1999 which guidelines involving test 
ordering had been updated after the end of the intervention period (that is, 
after February 28th 1997). We subsequently determined whether the updated 
guidelines supported the three most frequently added tests. 
5.4 Results 
For test ordering, the general practitioner had the choice to use either the 
BloodLink software or the traditional paper form. Of the 12,668 order forms 
of the BloodLink-Guideline group, 9,091 (72 percent of all orelers) were 
generated using the decision-support software. The general practitioner 
produced 7,346 of the 9,091 forms by selecting an indication listed in 
BloodLink-Guideline. For these 7,346 order forms, the general practitioners 
used a total of 66 different indications. As shown in Table I, twelve 
indications accounted for more than 80 percent of the 7,346 oreler forms; the 
most ti'equently used indication was "vague complaints" with 2,209 order 
forms (30.1 %). When the general practitioner could not find the indication, 
BloodLink-Guideline allowed the general practitioner to type the indication 
and select tests; of the 9,091 forms, the general practitioner typed an indication 
and selected tests in 1,745 order forms. 
After selecting the indication, the general practitioner could change the 
reconnllendations of BloodLink-Guideline. Of the 7,346 order forms, 2,874 
(39.1 %) were compliant with the recommendations of BloodLink-Guideline. 
The remaining 4,472 order forms were non-compliant. Of the 7,346 order 
forms, 262 (3.6 %) were non-compliant by removal of tests, 3,337 (45.4 %) 
were non-compliant by addition of tests, and 873 (11.9 %) were non-
compliant by both removal and addition of tests. Table 2 shows, for each 
practice, the percentage of compliant order forms, non-compliant order forms 
by removal of tests, non-compliant order forms by addition of tests, and non-
compliant order forms by both removal and addition of tests. 
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Table 1: The most frequently med indications 
Indication Frequency Perccnt Cumulative 
Percent 
Vague complaints, 2209 30.1 30.1 
Hypertension, assessing risk factors 666 9.1 39.2 
Hypercholesterolemia, screening 629 8.6 47.7 
Anemia, establishing diagnosis 346 4.7 52.5 
Allergic rhinitis, establishing diagnosis 320 4.4 56.9 
Hyperthyroidism, establishing diagnosis 313 4.3 61.2 
Hyperchoiestcroiclllia, monitoring course of 275 3.7 64.9 
disease 
Rheumatoid arthritis, establishing diagnosis 268 3,6 68.5 
Infectious mononucleosis, establishing diagnosis 260 3.5 72.0 
Prostate cancer, establishing diagnosis 232 3.2 75.2 
Iron depletion anemia, establishing diagnosis 210 2.9 78.1 
Diabetes mellitus, monitoring course of disease 155 2.1 80.2 
The physician removed one or more tests in 1,135 forms (that is, 262 forms 
were non-compliant by removal and 873 forms non-compliant by both 
removal and addition); the physician removed only a single test in 762 order 
forms (67.1%), two tests in 285 forms (25.1 %), and three or more tests in88 
forms (7.8 %). When removing tests, the general practitioner removed on 
average 1.4 tests. 
The physician added one or more tests in 4,210 forms (that is, 3,337 forms 
non-compliant by addition and 873 forms non-compliant by both removal and 
addition); the physician added only a single test in 1,259 order forms (29.9 %), 
two tests in 1,108 forms (26.3 %), and three or more tests in 1,843 forms (43.8 
%). When adding tests, the general practitioner added on average 2.9 tests. 
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Table 2: Per practice, the compliance with the recommendations of Blood Link-Guideline. 
Practice Compliant Non-compliant Non-compliant Non-compliant by 
by removal of by addition of both removal and 
tests tests addition 
30.7% 11.3% 47.9% 10.1% 
2 26.5% 6.3% 53.6% 13.7('/0 
3 60,3% 5.0% 28,5% 6.3% 
4 39.1% 7.0% 41.1% 12,9% 
5 11.2% 0.6% 54.7% 33.6% 
6 48.9% 2.6% 42.1% 6.4% 
7 53,5% 2.3% 36.0% 8.3% 
8 39.2% 1.5% 51.4% 8.0% 
9 60.9% 1.1% 35.5% 2.5% 
10 35,7% 2,8% 47,3% 14,2% 
II 45.4% 11.3% 26.2% 17.2% 
12 29.1% 1.6% 45.5% 23.8% 
13 34.2% 0.3% 61.6% 3.9% 
14 58.4% 0,0% 38.0% 3.6% 
15 10.2% 0.7% 81.0% 8.1% 
16 18.3% 0.5% 76.3% 5.0% 
17 37.8£'/0 6.1% 45.2% 10.9% 
18 55.7% 3,3% 38.0% 3.0% 
19 56.0% 11.0% 18.1% 14.8% 
20 39.7% 2.0% 39.7% 18.3% 
21 49,8% 2,8% 41.8% 5,6% 
22 49.4% 2.7% 36,9% 11.0% 
23 43.9% 3.3% 44.7% 8.1% 
Mean 39.1 !fb 3,6% 45.4% 11.9% 
To assess if non-compliance was related to pending revision of guidelines, we 
analyzed which guidelines were revised after the intervention period. We 
found that a total of 13 guidelines were revised after the intervention period; 
four of these revised guidelines showed changed reconunendations for test 
ordering: "Hypercholesterolemia", "Diabetes Mellitus", "Sore Throat", and 
"Hypertension", Compared to the previous guideline, the revised guideline 
"Hypertension" adds potassium to the diagnostic work-up of new patients; the 
revised guideline "Hypercholesterolemia" adds the investigation of lipids and 
glucose to screen for additional risk factors, the revised guideline "Sore 
Throat" adds a white blood cell count when suspecting leukemia or 
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agranulocytosis, and the revised guideline "Diabetes Mellitus" adds HbA I C in 
monitoring treatment and adds lipids testing in all patients. 
Table 3 compares the three most frequently added tests in the non-compliant 
order forms with the recommendations of the updated guidelines 
"Hypercholesterolemia", "Diabetes mellitus", "Sore Throat" and 
"Hypertension". In total, the general practitioners generated 2,295 order forms 
by selecting an indication from these four guidelines. The GPs used 
indications from the guideline "Hypercholesterolemia" a total of 1,037 times. 
Of these 1,037 order forms, 398 (38.4 %) were compliant with the guidelines 
that were available during the intervention period, and 639 (61,6 %) were non-
compliant. Of the 639 non-compliant order forms, 4 (0.6 %) were non-
compliant by removal of tests, 608 (95.1 %) were non-compliant by addition 
of tests, and 27 (4.2 %) were non-compliant by both removal and addition of 
tests. When adding tests, the general practitioner added on average 3.0 tests. 
The most frequently added tests were Triglycerides, HDL-cholesterol, and 
Glucose; of the 639 non-compliant order forms, 509 (79.7 %) order forms 
involved adding Triglycerides, 506 (79.2 %) involved adding HDL-
cholesterol and 186 (29.1 %) adding Glucose. 
Table 3: TIle three most frequently added tests in the non-compliant order forms compared with the 
recommendations of the updated guideline. 
Guideline Non-Compliant Test added (% of Non- Recommended in 
fOfms Compliant fonlls) updated guideline 
Hypercholesterolemia 639 TrigJyceddes (79,7) No 
HDL-cholesterol (79,2) Yes 
Glucose (29,1) Yes 
Hypertension 323 K (33,4) Yes 
Hb (29.1) No 
Triglyceride (26,9) No 
Dillbeles mellitus 226 HbAIC (71,2) Yes 
Triglyceride (19,9) Yes 
HDL-cholesterol (19,0) Yes 
Sore throat 182 ASE (70,9) No 
Hb (48,4) No 
Glucose (24,7) No 
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The general practitioners used indications from the guideline "Hypertension" 
a total of 666 times. Of these 666 order forms, 343 (51.5 %) were compliant 
and 323 (48.5%) order forms were non-compliant. Of the 323 non-compliant 
order forms, 26 (8.0 %) were non-compliant by removal of tests, 256 (79.3 %) 
were non-compliant by addition of tests, and 41 (12.7 %) were non-compliant 
by both removal and addition of tests. When adding tests, the general 
practitioner added on average 2.8 tests. The most frequently added tests were 
Potassium, Hb, and Triglycerides; of the 323 non-compliant order forms, 108 
(33.4 %) order forms involved adding Potassium, 94 (29.1 %) involved 
adding Hb, and 87 (26.9 %) adding Triglycerides. 
The general practitioners used indications from the guideline "Diabetes 
Mellitus" a total of 332 times. Of these 332 order forms, 106 (31.9 %) were 
compliant and 226 (68.1 %) were non-compliant. Of the 226 non-compliant 
order forms, 4 (1.8 %) were non-compliant by removal of tests, 195 (86.3 %) 
were non-compliant by addition of tests, and 27 (11.9 %) were non-compliant 
by both removal and addition of tests. When adding tests, the general 
practitioner added on average 2.5 tests. The most frequently added tests were 
HbA I C, Triglycerides and HDL-Cholesterol; of the 226 non-compliant order 
forms, 161 (71.2 %) order forms involved adding HbAIC, 45 (19.9 %) 
involved adding Triglycerides and 43 (19.0 %) adding HDL-cholesterol. 
The general practitioners used indications from the guideline "Sore Throat" a 
total of 260 times. Of these 260 order forms, 78 (30.0 %) were compliant and 
182 (70.0 %) order forms were non-compliant. Of the 182 non-compliant 
order forms, 4 (2.2 %) were non-compliant by removal of tests, 159 (87.4 %) 
were non-compliant by addition of tests, and 19 (10.4 %) were non-compliant 
by both removal and addition of tests. When adding tests, the general 
practitioner added on average 2.8 tests. The most frequently added tests were 
ESE, Hb, and Glucose; of the 182 non-compliant order forms, 129 (70.9 %) 
order forms involved adding ESE, 88 (48.4 %) involved adding Hb and 45 
(24.7 %) adding Glucose. 
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5.5 Discussion 
Researchers have repeatedly argued that test-ordering behavior of physicians 
lacks efficiency, resulting in excessive laboratory utilization. Literature 
documents many attempts to change the test-ordering behavior of physicians. 
In The Netherlands, the ordering of blood tests has been the subject of a 
number of studies that attempted to reduce the number of blood tests ordered 
by the general practitioner (31-38). In a previous study, we reported that 
introducing indication-oriented test panels based on the guidelines of the 
Dutch College of General Practitioners reduces the number of tests ordered 
(26). The observed reduction of the number of tests requested by the 
physician, however, does not necessarily mean that the physicians adhere to 
the protocols. Tn this study, therefore, we focused on protocol adherence. 
Although BloodLink-Guideline supports 66 indications, 12 indications 
accounted for more than 80% of the general practitioners' use of the system. 
The most frequently used indication was "vague complaints", reflecting the 
morbidity in primary care. Primary care is characterized by its role in 
diagnosing undifferentiated problems. In primary care, practitioners are often 
confronted with initial signs and symptoms presenting minor illness, not 
requiring medical intervention, or early stages of diseases. The morbidity seen 
by a general practitioner, therefore, wi II differ significantly from the morbidity 
in secondary and tertiary care. The fact that 25% of all blood tests are 
performed with vague complaints as indication is therefore not surprising and 
consistent with other studies in Dutch primary care (37, 39). 
Our study shows that removing tests from the recommendations of the 
guidelines is rare compared to adding tests. General practitioners seem to rely 
on the guideline-based test recommendations as the basis for test ordering in 
daily practice. We hypothesize that the general practitioner accepts the 
indication-based test recommendations as a minimum for diagnosing 
undifferentiated problems at the first point of care. Although the introduction 
of BloodLink-Guideline resulted in a clear reduction of the number of tests 
ordered (26), this study shows that a complete compliance to the guidelines 
would have resulted in a still larger reduction. 
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In our study, the addition of tests is the main cause of non-compliance. Non-
compliance, however, does not necessarily indicate poor performance. The 
first possible reason for adding tests is the fact that, in a primaty care setting, 
patients may have other diseases (e.g., chronic diseases such as diabetes 
mellitus) that require periodic monitoring; the fact that blood tests will be 
performed may prompt the general practitioner to add tests. 
A second reason for adding tests could be the fact that the indications show a 
certain degree of overlap. The revised guideline "Sore Throat" includes 
recommendations for test ordering to exclude infectious mononucleosis and 
leukemia as underlying pathology for sore throat. As shown in Table 3, the 
most frequently added tests on the non-compliant order forms from the 
guideline "Sore Tln'oat" are BSE, Hb and glucose. The guideline "Vague 
Complaints", however, includes BSE, Hb and glucose. Vague complaints are 
well known initial symptoms for both infectious mononucleosis and leukemia. 
Possibly the general practitioners selecting the guideline "Sore Throat" 
considered "Vague Complaints" as indication for test ordering as well. 
A third possible explanation for adding tests is a defensive attitude. Defensive 
testing is, also in Dutch family practice, a well-established phenomenon (40, 
41). The frequency in which the general practitioner adds tests could be the 
effect of the general practitioners' uncertainty and defensive behavior. 
Our study, however, shows another reason for adding tests: anticipating 
pending changes in the guidelines. For the guidelines that had been revised 
after the intervention period, we compared the three most frequently added 
tests in the non-compliant order forms with the recommendations of the 
updated guideline. Many of the modifications that caused the order form to be 
non-compliant, however, are supported by the revised guidelines. For 
example, HDL-cholesterol, added in 79.2 percent of the non-compliant order 
forms, is included in the recommendations of the revised guideline 
"Hypercholesterolemia". Likewise, HbAI C, added in 71.2 percent of the non-
compliant order forms, is included in the recommendations of the revised 
guideline "Diabetes Mellitus". Apparently, general practitioners are aware of 
the pending changes in the guidelines and anticipate by adding tests. 
Evidence-based medicine requires that guidelines be revised in the light of the 
available randomized clinical trials (42). New trials that first appear in medical 
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journals are read by physicians, and may subsequently result in revision of 
guidelines. Adoption of recent knowledge into daily practice could therefore 
precede dissemination of revised guidelines. 
Absence of protocol adherence must be interpreted carefully. When 
investigating protocol adherence, physicians applying most recent knowledge 
may show poor adherence to protocols when compared to physicians applying 
available guidelines. When viewing protocol adherence as a goal in itself, 
however, explaining the deviations from protocols may take the form of a 
debate on the barriers that prevent the protocol from being used. Recently, 
Cabana et aI., for example, reported a variety of barriers to physician guideline 
adherence, including lack of awareness, lack of familiarity, lack of agreement, 
lack of self-efficacy, lack of outcome expectancy, and inability to overcome 
the inertia of previous practice (43). They argue that the interpretation of 
successful interventions to improve physician adherence to guidelines should 
be reviewed carefully, while strategies successful in one setting may be less 
useful in a setting where barriers differ. When protocol adherence is viewed as 
a goal in itself, applying the most recent knowledge could be interpreted as a 
"barrier" to protocol adherence. Disregarding the dynamic nature of guideline 
development may lead to pointlessly focusing on barriers to physician 
guideline adherence. 
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6.1 Introduction 
The overall objective of this thesis was to assess and compare the effect of two 
methods of influencing blood test ordering behavior of Dutch general 
practitioners. Within the overall objective we also studied if a decision support 
system is able to implement the practice guidelines of the Dutch College of 
General Practitioners into daily practice. To achieve this objective we 
analyzed the consistency among practice guidelines of the Dutch College of 
General Practitioners with respect to the use of blood tests, designed the 
decision support system BloodLink, conducted a randomized trial to assess the 
impact on the volume of test ordering, and determined the compliance of 
Dutch general practitioners to the reconnnendations for test ordering as 
defined in the guidelines of the Dutch College of General Practitioners. 
Separate conclusions can be drawn fr0111 different parts of our study, but at the 
same time new questions arise. We will now discuss those conclusions and 
give suggestions for future research that might give an answer on the newly 
raised questions. 
6.2 Consistency and Timeliness of Guidelines 
Our analysis shows that the majority of the guidelines of the Dutch College of 
General Practitioners provide clear and unambiguous recommendations for 
blood test ordering in primary care. We discovered, however, some 
incomplete recommendations and inconsistencies. Given that inconsistencies 
were found, we recommend that organizations that maintain a set of guidelines 
should make available to physicians a list of known inconsistencies among 
those guidelines. In addition, all new guidelines should be tuned with other 
available guidelines before publishing to avoid inconsistencies among 
guidelines. In the Netherlands, the process of developing guidelines consists of 
various steps to achieve a good balance between evidence based guidelines 
and guidelines that are acceptable in daily practice (I). In addition to 
preparation, draft guidelilles, testillg, authorization, formatting, we 
reconnnend tUlling, before dissemillation alld implemelltation as an essential 
step to take for attaining the intended balance. Tuning guidelines might lead to 
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more concordance between guidelines, inducing unambiguous interpretation 
of guidelines, which in turn may stimulate physicians' adherence with 
guidelines. 
Our study also illustrates the consequences of the dynamic nature of guideline 
development on guideline implementation and protocol adherence in daily 
practice. Evidence-based medicine requires that guidelines be revised in the 
light of the available randomized clinical trials (2, 3). New trials appearing in 
medical journals may have an impact on medical practice before resulting in 
the revision of guidelines. Adoption of recent knowledge into daily practice 
could therefore precede dissemination of revised guidelines. As a result, 
physicians applying most recent knowledge may show poor adherence to 
protocols when compared to physicians applying available guidelines. In our 
study, we also address the issue of compliance to the guidelines. We showed 
that many of the modifications that caused the order forms to be non-
compliant are supported by the revision of guidelines after the intervention 
period. In these cases, the general practitioner is actually anticipating changes 
in the guidelines. We therefore reconunend the Dutch College of General 
Practitioners to reconsider the method and ti'equency of revising guidelines. 
Internet technology could accelerate the process of reviewing recent 
randomized clinical trials and developing or modifying guidelines. Moreover, 
the technology could facilitate the international collaboration when developing 
guidelines. Recently in an invitational workshop "Toward a Sharable 
Guideline Representation" (held in Boston, MA, March 3-4, 2000), 
stakeholders from government, academia, professional specialty organizations, 
health care provider organizations, insurers, and industry, from 12 countries 
focused on: "developing an approach to ensuring that clinical practice 
guidelines can be designed in a more structured, standardized fashion, that 
enables them to be shared among developers and users, and that has sufficient 
specification to enable the guidelines to be incorporated into a variety of kinds 
of information systems applications" (4). The workshop resulted in 
establishing electronic forums dealing with specific issues like functional 
requirements, modeling and representation, infrastructure and organization 
and processing of guidelines. Initiatives like this could be the onset of web 
based sharable guidelines maintained by authoritative organizations. We 
believe that in the near future decision-support systems embedded in a 
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computer-based patient record can be updated with guidelines available on 
public web sites (5). As a result, the time required for revising and 
disseminating guidelines based on the most recent evidence will be shorter. 
The finding of our study that general practitioners anticipate on pending 
changes in the guidelines underscores the time delay in the current paper-
based procedures and the need to accelerate the inclusion of new medical 
knowledge into guidelines. 
6.3 Decision Support Driven by Physician's Interpretation of 
Patient Data 
When designing the system, we had to determine whether the decision support 
is based on the patient's symptoms or on the general practitioner's indications. 
For the general practitioner, these two methods will result in two different 
systems. If the objective of the system is to select the appropriate test given 
the indication, the general practitioner has to answer questions about his or her 
indication and translate the patient's condition to a specific indication. If the 
objective is to support the identification of the indication, the decision support 
system will require detailed information about the patient's condition. This 
approach requires the physician to enter patient data. Based on the available 
data, the system could generate indications, select among thesc, and prepare a 
recon1l11endation for test ordering. If the identification of the indication is 
based on the data in the electronic patient record, the accuracy of that data is 
of critical importance. The levels of accuracy in electronic patient records, 
however, have been reported as varying (6). In addition, the identification of 
indications requires a formal decision model (for example, a Baysian model) 
that translates the patient's symptoms to indications (7). 
We decided to build a system that requests from the general practitioner the 
indication, BloodLink-Guideline. This decision is not only based on the fact 
that the guidelines provide recommendations on the level of indication. We 
also believe that especially general practitioners are able to translate the often-
complex presentation of patients' complaints to well-defined indications. 
Computers are only able to deal with those parts of the patient-physician 
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encounter that can be translated to objective facts and numbers; as a result, 
decision support systems can only deal with a very limited segment of reality. 
Other investigators have lamented the fact that decision support systems tend 
to ignore the intellect of the physician, and leave the physician with a sense of 
losing control (8, 9). We believe that in the area of the initial interpretation of 
the symptoms of the patient the role of a decision support system should be 
very limited. Further research must clarify if this assumption is correct. 
6.4 Ease of Introduction of Guidelines in Daily Practice 
The results of our study clarify that little effort was needed to introduce the 
recommendations for test ordering of the guidelines of the Dutch College of 
General Practitioners. In the light of the difficulties others have experienced in 
attempting to change physicians' patterns of care the ease of introduction of 
BloodLink in daily practice is a remarkable finding of our study (10). 
Although no training program (only a short instruction was given) 
accompanied the introduction of the BloodLink software and the familiar 
paper forms were still available during the intervention period, the majority of 
the orders were placed using BloodLink. 
A first possible reason for the ease of the introduction is that Dutch general 
practitioners are used to using computers to maintain their patient records. By 
integrating the module BloodLink with the computerized patient record, using 
the decision support system possibly did not interfere much with daily 
workflow of the participating physicians. The results of our study underscores 
the potential advantage of computerized patient records as a vehicle for 
changing physicians' behavior and may encourage the use of computerized 
patient records to enter patient data during patient encounters (ll). 
A second possible explanation is that participating physicians mainly adopted 
BloodLink, because it facilitates the test-ordering procedure. Designing the 
decision support system BloodLink, we wanted the system to be integrated in 
daily practice, and relieve the physician of routines. At least it should not 
impede the daily workflow of participating physicians. BloodLink prints a 
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patient-specific blood order form that includes the necessmy patient data (such 
as name, age, address, etc.), the tests ordered and the specific instructions for 
the laboratory. In addition the system updates the patient record to show which 
tests have been ordered. BloodLink's use of already entered administrative 
data eliminates the need for the general practitioner to re-enter these data. As a 
result, using B100dLink also has a timesaving aspect. We did not measure the 
actual time required to fill in the electronic order form. We, therefore, do not 
know whether the timesaving aspect of BloodLink outweighs the time 
required to select the appropriate indication. The two versions of BloodLink 
were developed to conduct a randomized trial. In the development of 
B1oodLink, however, we emphasized integration with the daily workflow. 
Further research must clarify if trials that facilitate daily workflow without 
compromising theoretical assumptions of the trial will be most successful in 
changing physicians' behavior (12). 
6.5 Comparing the Effect of Two Methods of Influencing 
Blood Test-ordering Behavior of Dutch General Practitioners 
The fact that in our study 20 tests accounted for 80 percent of the total number 
of tests ordered supports the notion that a limited number of tests satisfies the 
requirements for test ordering in most situations in primary care (13). 
BloodLink-Guideline, based on five categories of indications and involving 68 
different indications (14), requires a total of 37 different tests. Although 
B1oodLink-Guideline supports the use of 37 tests as compared to the 15 
alphabetically ordered tests listed in BloodLink-Restricted, the use of 
BloodLink-Guideline results in a much larger reduction in ordered tests. TIllS 
larger reduction can be explained by the fact that BloodLink-Guideline shows 
an optimal "restricted" list of tests relevant for a specific indication. 
B1oodLink-Guideline can be regarded as an attempt to limit the number of 
choices available, based on medical knowledge related to a specific indication. 
BloodLink-Guideline enables physicians to apply the medical knowledge of 
guidelines, whereas BloodLink-Restricted applies the notion of an initially 
limited set of tests that should fit most circumstances. Our study indicates that, 
in the domain of blood test ordering, providing more options that are 
embedded in a system driven by guidelines leads to a larger reduction in the 
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number of tests ordered than merely reducing the form to a limited set of tests. 
Future research will have to evaluate whether these findings are limited to the 
domain of blood test ordering, or whether they can be duplicated in other 
dOlnains. 
6.6 Adherence to Guidelines 
Twelve indications accounted for more than 80 percent of the indication-
oriented order forms created by BloodLink-Guideline. The most frequently 
used indication for test ordering was "vague complaints" (30.1 % of all 
indications) reflecting the morbidity in primary care. Thirty-nine percent of 
the indication-oriented order forms were compliant with the recommendations 
for test ordering provided by the guidelines of the Dutch College of General 
Practitioners. Removing tests is rare compared to adding tests. Many of the 
modifications that caused the order form to be non-compliant are supported by 
revisions of guidelines after the intervention period. General practitioners rely 
on guideline-based test reconnnendations as a basic minimum for test ordering 
in daily practice but at the same time anticipate on pending revision of 
guidelines. Disregarding this aspect might lead to pointlessly focusing on 
barriers to physician guideline adherence (15). We conclude that if the general 
practitioner would completely adhere to the reconnnendations for test ordering 
of the guidelines, a still greater reduction would be attained. Further research 
will have to clarify whether our belief that unnecessary tests are eliminated is 
correct. 
6.7 Limitations 
The tlrst limitation of our study is the fact that all participating general 
practitioners work in the Delft region. As a result, we do not know if the 
findings of this study can be generalized to the whole coulltry. 
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Second, we did not include in our trial a pre-intervention period in which we 
only recorded the indications for test ordering. The reason not to include such 
a pre-intervention period is the fact that recording indications constitutes an 
intervention in itself. As a result, we do not know the protocol adherence prior 
to intervention. We could have included a control group in which we only 
recorded the indications for test ordering. Initial power calculations, however, 
showed that the number of general practitioner was too small for a third trial 
arm in the Delft region. In retrospect, the impact of the BloodLink software 
was such that a third trial ann could have been formed. 
We have started a second trial in which we address these limitations. We are 
in the initial phase of a study to assess the effect of indication-oriented 
decision support on test-ordering behavior of 250 Dutch general practitioners. 
This study will involve general practitioners from several regions of the 
country, and include a control group that records the indications for test 
ordering without the use of decision support software. 
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6.8 Closing Remarks 
Closing the final chapter of this thesis we conclude that 
• the guidelines of the Dutch College of General Practitioners contain 
concrete and specific recommendations for test ordering; 
• in the area of the initial interpretation of the symptoms of the patient, 
the role of a decision support system should be very limited; 
• decision support based on guidelines is more effective in changing 
blood test-ordering behavior than decision support based on initially 
displaying a limited number of tests; 
• decision support systems can be effective in introducing guidelines in 
prinlary care; 
• general practitioners rely on guideline-based test recommendations as 
a basic minimum for test ordering in daily practice but at the same 
time anticipate on pending revision of guidelines. 
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Summary 
In The Netherlands three to foUl' percent of patients' encounter with the general 
practitioner result in ordering of blood tests. Dutch investigators report a lack 
of general practitioners' knowledge concerning the indications for blood tests 
leading to inappropriate and inadequate use of diagnostic tests. Int1uencing 
test-ordering behavior of Dutch general practitioners has been the objective of 
many studies. Three methods have proven to be effective in changing test-
ordering behavior. Personal feedback, studied by Pop and Winkens, restricting 
the number of choices presented to the general practitioners on the order form, 
studied by Zaat, and the introduction of indication-oriented order forms based 
on guidelines, studied by van Geldrop, Smithuis, and van Gend all proved to 
be effective. Which of these methods is most effective remains unknown; 
randomized trials comparing these methods have never been conducted. The 
availability of guidelines of the Dutch College of General Practitioners and the 
fact that almost all Dutch general practitioners replaced their paper patient 
records by computer-based patient records creates new opportunities to 
introduce guideline-based decision support in daily practice. 
The objectives of this current thesis were to study the consistency of the 
guidelines of the Dutch College of general practitioners with respect to 
reconunendations for test ordering, the requirements for a decision support 
system for test ordering, to be integrated in general practice, the int1uence of a 
guideline based decision support system on test-ordering behavior of general 
practitioners, and the compliance of general practitioners to a decision support 
system for test ordering. 
Consistency of the Guidelines 
In Chapter 2, we analyzed the practice guidelines of the Dutch College of 
General Practitioners, published until January I" 1998, with respect to the use 
of blood tests. We evaluated 64 practice guidelines of the Dutch College of 
General Practitioners. For each of the guidelines, we analyzed each sentence 
that contained a reference to a blood test to determine the clinical situation in 
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which the test should be performed (the indication), and to determine the tests 
that should be performed in that situation (the recommended tests). Twenty-
seven practice guidelines mentioned blood tests. Of these twenty-seven 
guidelines, three explicitly recommended not to request blood tests. Of the 
twenty-seven guidelines, twenty-tlnee allowed us to identify indications and 
recommended tests. We distinguished five different categories of indications: 
establishing a working diagnosis, investigating underlying pathology, 
monitoring the course of a disease, identifying therapy-influencing factors, 
and monitoring the side effects of dmgs. Although some incomplete 
recommendations and inconsistencies were discovered, we conclude that the 
majority of the guidelines provide clear and unambiguous recommendations 
for blood test ordering in primary care. 
Requirements for a Decision Support System for Test 
Ordering 
After we concluded that the maJonty of the guidelines provide clear and 
unambiguous recotll111endations for blood test ordering in primary care, we 
conllllenced to build a decision support system for test ordering. Building a 
system to change test-ordering behavior requires us to select a method we will 
follow when providing support. We decided to use two methods: the restricted 
order form method and the indication-oriented order form. To study these two 
methods for changing test-ordering behavior, we developed two versions of 
the decision support system BloodLink (described in Chapter 3). The first 
version, BloodLink-Restricted, is based on the notion of restricting the number 
of choices presented to the general practitioner. The second version, 
BloodLink-Guideline is based on the reconllnendations for test ordering as 
provided by the practice guidelines of the Dutch College of General 
Practitioners. BloodLink-Restricted is based on providing the general 
practitioner with an electronic version of a restricted order form that offers the 
general practitioner a list of 15 alphabetically ordered tests. These are the 15 
tests that were judged by Zaat to be the most relevant in primary care. The 
only difference between the two versions of BloodLink is the method used to 
present the initial set of tests to the general practitioner. In all other respects, 
the two versions of the system are identical: the same integration with the 
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computer-based patient record, the same layout of the screens, the same 
abbreviations of the tests, the same mechanism by which the general 
practitioner can add or remove tests, the same form printed, and the same 
notes left in the medical record. Implementation of both versions of BloodLink 
allowed us to study the differences between the two methods. 
The Influence of BloodLink-Guideline on Test-Ordering 
Behavior 
To compare the effect of tlVO methods for changing blood test-ordering 
behavior, after stratification by single-handed practices and group practices, 
44 primary care practices of 60 Dutch general practitioners in the region Delft 
were randomly assigned to BloodLink-Restricted, or to BloodLink-Guideline, 
(described in Chapter 4). The intervention period lVas March 1996 through 
February 1997. The main outcome measure was the average number of blood 
tests ordered per order form per practice during intervention. Both approaches 
resulted in a decrease in the average number of tests ordered per order form 
when comparing the intervention period with the two years preceding the 
intervention: a 12 percent reduction in the BloodLink-Restricted group 
(p=O.OOI) and a 29 percent reduction in the BloodLink-Guideline group 
(p<O.OOI). General practitioners who had access to decision support based on 
guidelines requested on average 20 % fewer tests (5.5 tests versus 6.9 tests, 
respectively; Mann-Whitney test p=0.003, N=44) than general practitioners 
with access to decision support based on a form that initially displays a limited 
number of tests. We conclude that decision support based on guidelines is 
more effective in changing blood test-ordering behavior than merely reducing 
the number of test options. This study showed that BloodLink-Guideline was 
used for the majority of test ordering. We also conclude therefore that decision 
support systems are an effective method for introducing guidelines in primary 
care. In view of the little effort that was needed for the introduction of 
BloodLink in daily practice, the changes we found in test-ordering behavior 
could well be replicated elsewhere in primary care practices using 
computerized patient records 
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The Compliance of General Practitioners to B1oodLink-
Guideline 
Although the effect of BloodLink-Guideline on test-ordering behavior was 
unequivocal, a clear impact of BloodLink-Guideline on the volume of tests 
ordered is not necessarily an indication of the degree of compliance to the 
guidelines. We studied, therefore, the compliance of the general practitioner to 
the recommendations of the test-ordering module BloodLink-Guideline 
(described in Chapter 5). Compliance was expressed as the percentage of 
order forms per practice and per indication that follow the recommendations 
for test ordering of the guidelines of the Dutch College of General 
Practitioners. The study was conducted from March 1996 through February 
1997. To assess if non-compliance was related to pending revision of 
guidelines, we analyzed which guidelines had been revised after the 
intervention period and compared the three most frequently added tests in the 
non-compliant order forms with the recommendations of the updated 
guideline. Thirty-nine percent of the indication-oriented order forms were 
compliant. Removing tests was rare compared to adding tests. The most 
striking finding was that many of the modifications that caused the order form 
to be non-compliant were supported by revisions of guidelines after the 
intervention period. We conclude that general practitioners rely on guideline-
based test recommendations as a basic minimum for test ordering in daily 
practice but at the same time anticipate on pending revision of guidelines. The 
results of this study may encourage the use of computer-based patient records 
to enter patient data during patient encounters. 
Discussion 
We conclude (in Chapter 6) that the guidelines of the Dutch College of 
General Practitioners contain concrete and specific recommendations for 
blood test ordering for specific indications. Based on this analysis, we 
developed the decision support system BloodLink. By asking the general 
practitioner to identify the indication for test ordering, we limited the role of 
BloodLink to selecting the tcst for a specific indication. Blood test ordering 
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based on the guidelines of the Dutch College of General Practitioners results 
in a larger reduction of the number of tests ordered than test ordering based on 
an initially limited set of 15 blood tests relevant for general practice. 
BloodLink-Guideline implements the guidelines of the Dutch College of 
General Practitioners in daily practice. General practitioners rely on guideline-
based test recommendations as a basic minimum for test ordering in daily 
practice but at the same time anticipate on pending revision of guidelines. We 
showed that many of the modifications that caused the order forms to be non-
compliant are supported by the revision of guidelines after the intervention 
period. We therefore recommend the Dutch College of General Practitioners 
to reconsider the method and frequency of revising guidelines 
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Door Nederlandse huisartsen wordt in drie tot vier % van de 
spreekuurcontacten bloedonderzoek aangevraagd. Vit de literatuur is bekend 
dat huisartsen over onvoldoende kennis beschikken over de eigenschappen 
van verschillende tests en over de indica ties voor het doen van 
bloedonderzoek. Dit kan aanleiding geven tot het onjuist toepassen van 
laboratoriumonderzoek. In verschillende studies is geprobeerd het 
aanvraaggedrag van huisartsen in gunstige zin te veranderen. Drie methoden 
bleken effectief: individuele feedback op het aanvraaggedrag (onderzocht door 
Pop en Winkens), introductie van een aanvraagformulier met 15 voor de 
huisartsenpraktijk relevante bepalingen (onderzocht door Zaat) en toepassen 
van een op een tweetal standaarden van het Nederlands Huisartsen 
Genootschap (NHG) gebaseerd, probleem-georienteerd aanvraagformulier 
(onderzocht door van Geldrop, Smithuis en van Gend). Welk van deze 
methoden het aanvraaggedrag het meest beYnvloedt is onbekend, omdat tot nu 
toe de methoden niet onderling vergeleken zijn door mid del van 
gerandomiseerd onderzoek. 
De publica tie van NHG-standaarden, die een hoge mate van acceptatie 
kennen, en het gegeven dat bijna aile Nederlandse huisartsen gebruik maken 
van een elektronisch patientendossiel' bieden de mogelijkheid om richtlijnen 
en protocollen in de dagelijkse praktijk te implementeren met behulp van 
beslissingondersteunende modules. 
Dit proefschrift richt zich op de volgende onderzoeksdoelen: de samenhang 
tussen de verschillende standaarden van het NHG voor wat betreft adviezen 
voor bloedonderzoek, de voorwaarden waaraan een aanvraagmodule moet 
voldoen om door de huisarts in de dagelijkse praktijk gebruikt te kunnen 
worden, de invloed van een op NHG-standaarden gebaseerde laboratorium-
module op het aanvraaggedrag van huisartsen, de mate waarin huisartsen de 
adviezen VOOI' bloedonderzoek uit de NHG-standaarden ook daadwerkelijk 
opvolgen. 
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Samenhang tussen de NHG-standaarden 
Allereerst onderzochten wij de tot I janllari 1998 gepllbliceerde NHG-
standaardcn op aanbevelingen voor bloedonderzoek (beschreven in Hoofdstllk 
2). Telkens als in een standaard bloedonderzoek werd genoemd, stelden wij 
de indicatie vast voor het verrichten van het bloedonderzoek en bepaalden 
welke tests in het kader van die indicatie geadviseerd werden. In 27 van de 64 
onderzochte standaarden kwamen adviezen over bloedonderzoek voor. In 3 
van deze 27 standaarden werd nadrllkkelijk afgeraden bloedonderzoek te 
verrichten. In 5 gevallen was sprake van een onvolledige beschrijving van de 
indicatie voor in die standaard genoemde testen. Bij 23 van de 27 standaarden 
konden wij de indicaties voor bloedonderzoek en de bijbehorende 
testprotocollen vaststellen. Wij onderscheidden daarbij 5 categorieen voor het 
aanvragen van bloedonderzoek: aantonen of lIitsllliten van een werkhypothese, 
vaststellen van onderliggende pathologie, volgen van het ziektebeloop, 
identificeren van therapiebei'nvloedende factoren en het monitoren van 
bijwerkingen van medicijngebrllik. 
Alhoewel enkele aanbevelingen voor bloedonderzoek onvolledig waren en 
soms voor vergelijkbare situaties lichte verschillen bestonden tllssen 
verschillende standaarden, conc1udeerden wij dat de meeste standaarden per 
aanvraagindicatie dllidelijke en eendllidige adviezen geven over de aan te 
vragen bepalingen in de vonn van een aanvraagprotocol. 
Eisen waaraan een Aanvraagmodule moet vol do en. 
Uitgaande van de in onze analyse van de NHG-standaarden gevonden 
indicatiegeorienteerde aanvraagprotocollen ontwikkelden wij de 
laboratorillmll1odllle BloedLink (beschreven in Hoofdstllk 3). Hierbij dienden 
wij cen methode te kiezen waarmee wij het aanvraaggedrag wilden 
bcinvloeden. Wij kozen voor een vergelijkende stlldie tllssen de methode die 
gebrllik maakt van het aanvraagfonnlllier met 15 voor de hllisartsenpraktijk 
relevante bepalingen (methode Zaat) en de methode die gebruik maakt van een 
probleemgeorienteerd aanvraagformlllier (methode van Gend, van Geldrop en 
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Smithuis). Om de invloed van deze twee methoden op het aanvraaggedrag van 
huisartsen met elkaar te kUllllen vergelijken, ontwikkelden wij twee versies 
van de laboratoriummodule BloedLink. De eerste versie, BloedLink-Beperkt, 
gaat uit van een beperkt aantal op het elektronisch aanvraagformulier getoonde 
bepalingen. In de tweede versie, BloedLink-Probleem zijn de 
laboratoriumprotocollen van de NHG-standaarden per aanvraagindicalie 
gerangschikt. Yoor het overige bestond er geen verschil in funclionaliteit 
tussen de beide versies van BloedLink. Beide versies werden met een 
identieke opmaak gelntegreerd met het elektronisch medisch dossier (EMD). 
In beide versies konden de huisartsen op dezelfde manier bepalingen 
toevoegen aan of verwijderen van het elektronische aanvraagformulier. Met 
gebruik van de laboratoriummodule kon in beide gevallen een 
aanvraagformulier worden geprint waarop de laboratoriumcode van de 
bepalingen, de gegevens van de patient en de gegevens van de aanvrager 
werden vermeld. Beide modules registreerden de aangevraagde bepalingen in 
het EMD. Door de twee versies van BloedLink te implementeren, waren wij in 
staat het verschil in effect van beide methoden op het aanvraaggedrag van 
huisartsen te onderzoeken. 
De Invloed van BloedLink op het Aanvraaggedrag van 
Huisartsen 
Tel' vergelijking van het effect van de BloedLink-Probleel11 en BloedLink-
Beperkt op het aanvraaggedrag van huisarlsen werd, na stratificatie naar 
solopraktijken en groepspraktijken, een gerandomiseerd onderzoek uitgevoerd 
in 44 praktijken in de Delftse regio, waarin 60 huisartsen praktiseerden 
(beschreven in Hoofdsllik 4). De interventie yond plaats vanaf maart 1996 tot 
en met februari 1997. De primaire effeclmaat was het gemiddeld aantal 
aangevraagde bepalingen per aanvraagformulier per praktijk tijdens de 
interventie. Na vergelijking van de interventieperiode met de twee 
voorafgaande jaren bleek in beide groepen het gel11iddeld aantal aanvragen per 
aanvraagformulier duidelijk te zijn afgenomen. In de groep die gebruik maakte 
van BloedLink-Beperkt was sprake van een afnal11e van 12% (p=O.OOI). In de 
groep die gebruik l11aakte van BloedLink-Probleem was sprake van een 
afname van 29% (p<O.OOl). In deze groep werd gemiddeld 20% mindel' 
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bepalingen aangevraagd (5.5 versus 6.9 bepalingen; Mann-Whitney test 
p=O.003, N=44). 
Op grond hiervan kwamen wij tot de conc1usie dat beslissingondersteuning 
met behulp van cen laboratoriummodule gebaseerd op de NHG-standaarden 
een groter effect heeft op het aanvraaggedrag van huisartsen dan het 
aanvragen van bloedonderzoek met behulp van een beperkt elektronisch 
aanvraagformulier. Tevens concludeerden wij dat met behulp van 
beslissingondersteunende aanvraagmodules standaardcn op een effectieve 
manier in de huisartsenpraktijk geYntroduceerd kunnen worden. Gezien de 
geringe inspanning die nodig was voar de introductie van BloedLink in de 
dagelijkse praktijk menen wij dat de door ons gevonden veranderingen in het 
aanvraaggedrag van huisartsen ook van toepassing zou kunnen zijn in andere 
praktijken die gebruik maken van een electronisch medisch dossier. 
Protocoladherelltie 
Hoewel er een uitgesproken effect van BloedLink-Probleem op het 
aanvraaggedrag van huisartsen we I'd vastgesteld, kan een reductie van het 
aantal aangevraagde bepalingen niet zonder meer gelijkgesteld worden aan 
protocoladherentie. Daarom bestudeerden wij de mate waarin huisartsen de 
adviezen voar bloedonderzoek uit de NHG-standaarden ook daadwerkelijk 
opvolgden (beschreven in Hoofds/lIk5). Wij definieerden protocoladherentie 
als het percentage aanvraagfonnulieren per praktijk dat overeenkwam met de 
adviezen voor bloedonderzoek uit de NHG-standaarden. Hierbij beoordeelden 
wij de aanvraagfonnulieren uit dezelfde onderzoeksperiode als beschreven in 
Hoo/ds/lIk 4. am vast te stellen of het afwijken van de aanvraagprotocollen 
gerelateerd was aan op handen zijnde herziening van de standaarden, 
onderzochten wij tevens welke standaarden herzien waren na de interventie 
peri ode. Wij vergeleken dam·toe de drie meest frequent toegevoegde 
bepalingen van de aanvraagfonnulieren die de protocollen niet volgden met de 
adviezen voor bloedonderzoek in de herziene standaarden. In 39% van de 
probleemgeorienteerde aanvraagformulieren bleek het geadviseerde protocol 
van de NHG-standaarden gevolgd te worden. Vergeleken met het 
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aanvraagprotocol werden bepalingen bijna nooit verwijderd van het 
aanvraagformulier, maar vrijwel uitsluitend toegevoegd. Opvallend was de 
bevinding dat de door de huisarts toegevoegde bepalingen, die er voor zorgden 
dat het aanvraagformulier het protocol niet volgde, weI voorkwamen in het 
aanvraagprotocol van de na de interventie-periode herziene standaarden. Oeze 
bevinding bracht ons tot de conclusie dat huisartsen de adviezen voor 
bloedonderzoek uit de NHG-standaarden beschouwen als de basisnorm voar 
het aanvragen van bloedonderzoek. Tegelijkertijd echter anticiperen zij bij het 
aanvragen van bloedonderzoek op aanstaande herzieningen van de NHG-
standaarden. De resultaten van onze studie zouden het gebruik van 
electronische medische dossiers voor het vastleggen van patientgegevens 
kUlmen bevorderen. 
Discussie 
Wij concluderen dat (bescill'eve/I ill Hoofds/llk 6) de standaarden van het 
Nederlands Huisartsen Genootschap (NHG) op het niveau van indicaties 
concrete en specifieke aanbevelingen bevatten voor het verrichten van 
bloedonderzoek. Op basis dam'van ontwikkelden \Vij een laboratoriummodule, 
die de huisarts beslissingondersteuning geeft bij het verrichten van 
bloedonderzoek. Door de huisarts de indicatie te laten bepalen voor het 
verrichten van bloedonderzoek beperkten \Vij de rol van de 
beslissingondersteunende module tot het genereren van testpratocollen 
behorend bij de door de huisarts gekozen indicatie. Het verrichten van 
bloedonderzoek op basis van de NHG-standaarden geeft een sterkere reductie 
van het aantal aangevraagde bepalingen dan het aanvragen van 
bloedonderzoek met behulp van een tot 15 voor de huisartsenpraktijk relevante 
bepalingen beperkt aanvraagfonnulier. Door het gebruik van de laboratorium-
module BloedLink worden de NHG-standaarden ook daadwerkelijk toegepast 
tijdens het spreekuur. Huisartsen gebruiken de aanbevelingen voor 
bloedonderzoek uit de NHG-standaarden als uitgangspunt voor het aanvragen 
van bloedonderzoek. Door in te spelen op bevindingen uit recente Iiteratuur 
lopen zij vooruit op de standaarden, waardoor hun "protocoladherentie" 
afneemt. Oit maakt een heroverweging van de wijze waarap en de snelheid 
waannee de NHG-standaarden geactualiseerd worden noodzakelijk. 
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Marcus Antonius Maria van Wijk was born on august 2i" 1952 in The 
Hague, The Netherlands. He received his undergraduate education at the 
Gymnasium Sint Jans College in The Hague from 1964 until 1970. In that 
same year he started Chemistry studies at Leiden University. In 1971 he 
switched to Medical studies at the same university and graduated in 1978. He 
completed the vocational training for general practitioner in 1980. Atier one 
year occupational medicine he works as a general practitioner in Delft, the 
same region were the project that resulted in this thesis was performed. From 
1990 through 1999 he was a staff member of the diagnostic centre of the 
Reinier de Graaf Gasthuis involved in continuing medical education on 
diagnostic testing. In 1994 he participated in the working group preparing the 
guideline for blood testing of the Dutch College of General Practitioners. 
From 1995 through 1997 he coordinated the working group on continuing 
medical education for general practitioners (WDH) in the Delft region. Since 
January 1999 he is part of the scientific staff of the department of Medical 
Informatics of the Erasmus University Rotterdam. In his spare time he loves 
playing the drullls. He is married to Anneke Zomers and they live in Delft 
with their five children: Bart, Annemieke, Marlies, Eric and Frank. 
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Het voltooien van een proefschrift is bij uitstek een verrichting die slechts met 
behulp van de inspanning van anderen door de promovendlls tot een goed 
einde gebracht kan worden. 
Door mij een aanstelling te bezorgen als coordinator van de 
huisartsennascholing op het gebied van laboratoriumonderzoek bij het 
toenmalige diagnostisch centrum SSDZ te Delft, heeft Ferry van Elven de 
eerste aanzet gegeven tot het schrijven van dit proefschrift. Zijn geesteskind 
"ELBOS" was de kiem voor B1oedLink. Al in 1990 begon hij mij te 
overtuigen van de noodzaak van een in een huisartsen informatie systeem 
geintegreerde laboratoriumaanvraag module. 
Professor Jan van Bemmel heeft mij de gelegenheid gegeven dit promotie-
onderzoek te starten. Zijn: "Marc ben je al beroemd?" beschouwde ik als een 
stimllians om niet te schromen mijn artikelen aan gerenonnneerde tijdschriften 
aan te bieden. Jan, ik ben nog steeds niet beroemd, maar het proefschrift is wei 
af. 
Johan van del' Lei, de natuurlijke opvolger van Jan van Bemmel als 
instituutsbeheerder, is de afgelopen jaren mijn grote steun en toeverlaat 
geweest. Johan, zonder jou had ik de combinatie huisarts en onderzoeker nooi! 
volgehouden. Van meet af aan had jij een rotsvast vertrouwen in de kracht van 
de eenvoud van het project. De overtuiging dat een huisarts uit het veld de 
aangewezen persoon is om dit soort onderzoek te verrichten heb jij steeds met 
verve uitgedragen. Op momenten van twijfel van mijn kant slaagde jij er altijd 
weer in om door je heldere en scherpzinnige analyse het door mij ervaren 
probleem tot de jlliste proporties terug te brengen. De altijd sfeervolle avonden 
waarop wij samen tot in de k1eine uurtjes de opeenvolgende versies van de 
hoofdstukken van dit proefschrift, de ontwikkeling van de AEX-index en de 
beslommeringen in onze persoonlijke levens doorkauwden staan voor goed in 
mijn geheugen gegrift. Dat jij mij vervolgens het vertrouwen hebt gegeven 
binnen de vakgroep medische informatica het onderzoek naar het gebruik van 
beslissingsondersteunende systemen in de "eerste lijn" te coordineren 
beschouw ik als een grate eel'. 
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Mees Mosseveld was (en is) mijn "maatje" tijdens het hele BloedLink-project. 
De module is door hem geprogrammeerd. Samen genoten wij van het 
installeren van de module en het ophalen van de gegevens bij de deelnemende 
huisartsen. Mees, als geen ander heb jij, als niet medicus, een feilloos gevoel 
Vaal' de huisartsenpraktijk. De manier waarop jij al te enthousiaste ideeen van 
mij wist in te tomen getuigt van grote klasse. Ik hoop de komende jaren nag 
uitgebreid van jouw expertise van en enthousiasme Vaal' de 
beslissingsondersteuning in de huisartsenpraktijk gebruik te mogen maken. 
Jouw accurate sse bela oft nag veel goeds Vaal' de toekomst. 
Arthur Bohnen speelde het keel' op keel' klaar nag even wat hinderlijke gaatjes 
in de door mij definitief geachte versie van een hoofdstuk te schieten. Arthur, 
dat jij bij onze besprekingen za vaak moest geeuwen had tach vooral te maken 
met je vele andere drukke bancn neem ik aan. 
Peter Moorman, heeft "efkens" de puinhoop van het oorspronkelijke 
Worddocument, op orde gebracht. Peter, zander jouw hulp daarbij was het 
proefschrift nooi! op tijd bij de drukker gekomen. Bij iedere "hmmm" van 
jouw kant, wist ik dat er weer een "header" verkeerd of niet aanwezig was. 
Het engelengeduld van mijn kamergenoot Albert Vlug, bij het voor de 
zaveelste keel' uitleggen van de verschillellde applicaties op nlijl1 laptop, 
getuigt eveneens van grote consideratie met nlij als "nitwit" -infonnaticus. Zijn 
filosofische en humoristische connnentaren op mijn stellingen echo en nog na. 
Wim Feijen, Jantina de Jong, Loes Westra, Marlies Key, Joke Molenaar, 
Nicole de Jager en Chantal van del' Made, juJlie geduld met nlijn ongedurige 
buien tijdens het schrijven van mijn proefschrift heeft ervoor gezargd dat ik 
kon blijven genieten van nlijn dagelijkse werk als huisarts. 
Zonder de huisartsen uit de regia Delft, Hoek van Holland en Westland, die 
nlij belangeloos lieten inbreken in hun praktijk en door het toepassen van 
BloedLink in de dagelijkse praktijk zargden voor een schat aan gegevens, was 
er niks te onderzaeken geweest. Oat de directie van het Reinier de Graaf 
Gasthuis, de rechtspositionele opvolger van het SSDZ, mijn fonnatieplaats in 
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een tijd van vele bezuinigingen, zo lang mogelijk heeft laten bestaan waardeer 
ik zeer. 
Pa en Ma, het belang dat jullie altijd gehecht hebben aan een warm nest en een 
goede opleiding voor jullie kinderen heeft mede geresulteerd in dit 
proefschrift. Ik draag dit proefschrift daarom aan jullie op. 
Anneke, Bart, Annemieke, Marlies, Eric en Frank, jullie waren en zijn de 
rustpunten in mijn leven. Wat het betekent voor een gezin om een 
promoverende echtgenoot respectievelijk vader te hebben is, denk ik, slechts 
in volle omvang te bevatten door diegenen die dat "genoegen" ook hebben 
magen smaken. Oak en vooral aan jullie draag ik dit proefschrift op: een 
eredactoraat voor jullie! 
Marc 
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Participating General Practitioners 
The following general practitioners participated 1I1 the BloodLink 
intervention: 
J.M. Baks, R.D.W. van Bentveld, Y.J. Bezuijen, J.P. Bijl, P. de Elooy, C.M.J. 
Bonekamp, G.O. Boonstra, H. Breedveldt Boer, J. Breugem, J.A. Brienen, 
P.J.A. BlICX, H.B.F. Derksen, W. van Donselaar, E. Driever, R.H. Dupuis, P. 
van del' Endt, J.A.J. Garretsen, R. Glotzbach, R.J. de Haan, H. Harmans, T.M. 
van del' Hoek, M Human-Breedveld, C. Jansen, C.H.F. Jonker, M. Jonquiere, 
P.E. Kalsbeek, W. Kamermans, L.E.M. K1eipool, A.M.A. van del' Knaap, S.J. 
Kool, M.I.Th. Koopmans, P.C.J.M. Kop, E.H.M. Lange, S. Lavennan, S.J. 
Lindenhollt, M. Luitse, D. Maring, S. van del' Meer, P.J.Th.M. Meijs, J.E.G. 
Nieuwkamer, J.B.M. Nijkamp, J. Oosthoek, M.A. Plasmans, L. Redel, A.R.N. 
van Rijckevorsel, F.J.N. Rijkee, W.F. Sandhovel, P.P.M. Schijen, F. 
Schreuder, H.S. Spijker, M. Steentjes, R. van Stijn, E.P.L.A. Tinnnermans, 
F.C.M. TOllW, P.S.W. Verheyden, P.D. Visser, H.W. Visser, H.J.P. Vos, C. 
van del' Weg, W. Wierema. 
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